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PATSOLOGr treats of the origin, nature, course, and 
causes ^of those changes in the body which constitute 
disease; Moi'hld Anaiorntj or Morbid Histology, of the 
actual alterations in the tissues which the disease has 
produced. The former is therefore comparable with Phy- 
siology, the latter with the Histology of ^hc normal 
tissues. 

By disaase is understood some deviation from the state 
of health ; a deviation consisting for the most part in an 
alteration in the functions, properties, or structure of some 
tissue or organ, owing to which its office in the economy 
is no longer performed in accordance with the normal* 
standard. 

Diseases are commonly divided into two classes— 
organic and functional. The former coillprise all those 
which are attended by structural change ; the latter those 
in which no such change is discoverable. Whether it be 
possible for the function of an organ or tissue to be ab- 
normally performed quite irrespective of any alteration in 
its structure admits of some doubt. At all events, as our 
methods of minute investigation improve, ^d our know- 
ledge of morbid histology increases, the clitss of func- 
tional diseases grows less ; and although there still remain 
a large number of diseases in which we ore unable to re- 
cognise any alteration of structure, and w^L must^ 
therefore ^till be described as functional, it is probable 
that alLdisease will ultimately be found to be attended . 
by mw or less material change. 
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As healih is itself merely a relative term and implies 
no definite performance of the processes of life, so disoase 
is equally indefinite ; it cannot be separated from health 
by any well-defined boundar}*-, the one passing by in- 
sensible gradations into the other. 

Disease is thus, in most cases, an abnormal performance 
of thosd procoasoH which constitute life, and a knowledge 
of these processes must therefore necessarily precede the 
study of pathology. Life comprises the formation and 
maintenance of tUb tissues and the exhibition of their 
various functions. Such formation and maintenance, 
which may be included under the general teim Nutri- 
tion, consist in the continuous sujiply of new material, 
the separation of this from the blood and its appropria- 
tion by the tissues, together with the removal of the pro- 
ducts of their waste. Fund i on is the special manifestation 
of the life of the part, as distinct from its growth and the 
maintenance of its structure ; jn the secreting cell, con- 
sisting in the alteration of the substances abstracted from 
the blood to fulfil some si)ocial purpose in the etjonomy ; 
11 nerve, in the transmission of impulses of motion and 
•sensation, &c. The performance of function is obviously 
dependent upon the state of nutrition. When both of 
these are normal the condition is one of health, when 
abnormal one of dht ase. 

As in health the nutrition is principally dependent 
ujion the solid tissues, these abstracting, appropriating, 
and altering the material which is supplied to them by 
the blood ; so in most forms of disease it is these tissues 
which play the more important part, and allerations in 
them are amongst the most frequent of the morbid 
processes. 

The supply and composition of the blood must obviously 
the same time constitate most important factors in 
Owing to the intimate relation which subsists 
the bipod and the solid tissues, any ^Iteraiion in 
the composition of the former must exercise more or less 
iafinence i^pop the nni^tive processes* In regarding the 
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blood, however, as an element in the causation of disease, 
it must be borne in mind that this fluid is in a state of 
constant dependence upon other parts ; its component 
elements ate derived fi*om external sources and undergo 
continual change, and although possibly under certain 
circumstances it may become altered by virtue of changes 
in the nutritive activity of its cellular elements, alterations 
in its constitution must in most cases result either from 
some change in the 23rocess of its formation, as from the 
ingestion of improper or insnflicient*food, mal-assimila- 
tioii, or disease of the lymphatic structures ; from changes 
in the jsecretory or excretory processes ; or from the in- 
tftdnction of foreign substances, derived from extraneous 
sources. Whilst, therefore, alterations in the composition 
of the blood may be important agents in the production 
of diseased processes in other tissues, such nitrations are 
in most cases secondary to some abnormality in its for- 
mation or depuration, or to its contamination by sub- 
stances derived from without. Owing to the facility with 
which it becomes the reeijnont of foreign substances, it is 
often the first tissue to become altered, as, for example, 
in many of those diseases which owe their origin to the* 
introduction of minute organisms ; and itnot infrequently, 
constitutes the principal seat of the diseased process. 

The blood may also play an importantPpart in disease, 
owing to an abnormal activity of its white corpuscles and 
their migration through the walls of the blood-vessels 
into the surrounding tissues. This occurs in the process 
of inflammation, and jprobably also in the development of 
many of the new formations. 

Lastly, the influence of the nervous system must be 
taken into account in considering abnormal conditions of 
nutrition and function. This, by regulating the circulation 
and supply of blood, must to a certain extent oonf^l 
tisKSue-change. The results of experimental and 
,observation» render it exceedingly probable thai& 'iaariy 
nerves also contain fibres which exefeise a 
lipon nutrition, independently I that ii 
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their vaso-motor filaments. In support of this view may 
be adduced the well-known observations of Ludwig and 
Heidenhain on the influence of the chorda tympani upon 
the secretion of the submaxillary gland, whiclfprove that 
the increased secretfon which results from the stimulation 
of this nerve is due to an increased activity of the se- 
creting Elements of the gland and not to changes in the 
blood-vessels. Eecent histological researches, also, which 
are tending to show that nerve-fibres terminate in the 
ultimate elements •of nearly all tissues, and the fact 
that very rapid atrophy of muscles often follows certain 
lesions of the nervous centres and many injuries of the 
nerve-trunks, render it exceeding probable that nutrition 
is more or less under the direct influence of the nervous 
system. 

The first part of this work will be devoted exclusively to 
the consideration of morbid processes which are charac- 
terised mainly by alterations in nutrition; the eecondt 
to those in which an altered nutrition is associated with 
Cjsrtain changes in the blood-vessels and circulation (in- 
flammation) ; and the third, to changes in the blood and 
•circulation alone. In considering the several morbid pro- 
cesses, the general pathology of each process will first be 
described, and subsequently the same process as it occurs 
in the chfferent«organs and tissues. 



CHAPTER I. 

THE CELL. 

Jfe the moat important element in nutrition, both in 
health and disease, is the activity of the tissues them- 
selves — the supply of nutritive material, although an 
essential, being mei'ely a passive part of the process— it 
becomes necessary to consider, somewhat minutely, those 
parts of the tissues in which this activity resides. 

Ever since Schwann discovered the cellular nature of 
animals, and established the analogy between animal and 
vegetable cells, there has been a gradually increasing 
conviction amongst physiologists, which has now becom^ 
an universally accepted physiological and pathological 
doctrine, that the cell is the seat of nutrition and inunc- 
tion; and further, that each mdividualAcell is itself {^n 
independent organism, endowed with those properties, 
and capable of exhibiting those active changes which are 
characteristic of life. Every organised part of the body 
is either cellular or is derived from cells, and the cells 
themselves originate from pre-existing cells, and under no 
circumstances do they originate de novo. 

Whilst therefore the whole body is made up of cells, 
or of substances derived from cells, and the cell is itself 
the ultimate morphological element which is capable of 
exhibiting manifestations of life, it must be borne in mind 
that in a ^mpl^x organism, the phenome^ of life are. 
the result of the continued activit^eof , innumerably 0^^ 
manv of which possess distinct , and p^tdiur 
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and that by their combination they become endowed with 
ne^V powers, and exhibit new forces, so that although 
each individual unit possesses an independent activity, 
it is in a state of constant dependence upon others with 
Vhich it is more or less intimately associated. 

Constitution of Cells. — ^When the analogy was esta- 
blished between the animal and vegetable cell, the former 


Fig. 1. 



was held to be constructed in all cases 
upon the same principle as the latter, 
aiM to consist of a cell-wall, enclosing a 
cavity, in which were contained a nucleus 
and fluid contents (Fig. 1). TJjis was 
the idea of the cell held by Schwann atul 
Eemak, and supported especially by Vir- 
chow, who maintained that these three 
constituents were essential to its vitality 
and existence. 

During recent years, however, this de- 
finition has been modified. The existence 
of a cell- wall was in many cases not evi- 


CeUsfrom a can-^ 
ger. iShowing cell- 
wall, ct'U-conUiuts, 
nuclei, and nu- 
cleoli. The nuclei 
dividing. 


dent. In embryonic cells, in those of many 
rapidly growing hew formations, and in 
the cells of blood, pus, and, mucus no limit- 
ing membrano could bo demonstrated. 

•This led to a new definition of the cell by 


Leydig and Max Schultze, who held that a little mass of 


matter enclosing a nucleus was all that was necessary for 
its constitution. The latter of these physiologists not' 
only rejected the cell-wall as an essential constituent, but 
established the identity of the mass of matter (cell? 
contents) with animal sarcode — a contractile substance 
existing in the lower animals — and showed that, like it, it 
was endowed with the power of spontaneous movement. 
7his substance he called protoplasm. He further pointed 
that the existence of a distinct . cell-walL was the 
process taking place ya the outer 
and that the latter was the real 
the cell. These views clo$ely 
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correspond with those held by Dr. Beale in this coun- 
try * 

l^he definition of a cell has been still further modified 
by Briicke, Strieker, and others, who consider that thj 
existence of a nrjpleus is not essential to its constitution* 
This opinion is principally based upon the fact, that in 
the cryptogamia, and in some of the lowest animal forms, 
cells occur in which no nucleus is visible. 

It would thus appear probable that a simple mass of 
protoplasm may, in ‘some exceptionaheases, be all that is 
necessary to constitute a cell — i.e., an elementary orga- 
nism, japable of exhibiting independently all the pheno- 
iSena of life ; but that the nucleus is an exceedingly 
constant and almost invariable constituent. The cell- 
wall is much less constant, and being the result of a 
retrograde change in the outer layers of the protoplasm, 
it must be regarded, in point of vitality, as inferior to the 
rest of the cell. ^ 

Protoplasm itself is an unstable albuminoid com|K)und, 
which is insoluble in water and coagulates at death. As 
usually 'met with, it is a homogeneous structureless 
material, of a soft and viscid consistence. In con.^ 
sistenco, however, it is subject to variations, being some- 
times perfectly fluid, at others more or less solid and 
gelatinous. In old cells it ‘often becoipes transformed, 
by the loss of water, into a more solid albuminoid sub- 
stance— fcerafwi. This occurs in the epidermis and nail. 
Protoplasm may also become gradually converted into 
other modifications of the protein group — ^into mucin, 
globulin, hmmoglobin, &o. The cell-wall, when it exists, 
is of ihuch firmer consistence than the protoplasm. In 
some cells the protoplasm constitutes but a small propor- 
tion of the body of the cell, other substances, which are 
either the result of its metamorphosis, or have been taken 
up from ivithout, being associated with jh . Thus fat^s 

* Dr. Beale cbJIb the 

tl^ cell-wall, /omed ^ ■ ' • ' ’ '' 



8 


THE CELL. 


met with in the cells of adipose tissue, and of the liver. 
(See Fig. 6.) Pigment, calcareous particles, pepsine, &c., 
are also met with in cells. 

^ The nnde'ivs is more constant both in size and form 
than the cell. It is usually spherical or oval in shape, 
and often contains one or more minute round or angular 
bodies, termed nucleoli. It offers a greater resistance to 
chemical reagents than the other constituents of the cell, 
and in disease often remains after these have been 
destroyed. It is a1«o stained more deeply by carmine. 

The original form of the nucleus is vesicular. In the 
earliest cells of embryonic tissue it possesses a ^elicate 
membrane enclosing a nucleolus and fluid content®, 
thus resemlding in its structure the cell. Subsequently, 
however, it loses its vesicular character, and as usually 
met with it is a solid perfectly homogeneous, or faintly 
granular body, in which the nucleolus is still visible. 
The recognition of the nucleus is not always possible, 
owing to its presence being obscured by fat, pigment, or 
other substances contained within the cell (See Fig. 27). 
In some cells the nuclei gradually disappear. The coloured 
l>lood- cells and the cells of the superficial layers of the 
epidermis are examples of cells in which the original 
nucleus has become lost. Lastly, it must be mentioned, 
that several nu^er may be contained within the same 
cell. 

Physiology of Cells.— The cell, as already stated, is 
capable of absorbing and transforming matter, of excre- 
tion, and of growth. It is also endowed with the power of 
changing its form, of cohering with other cells, of under- 
going more or less active movement, and of reproduction. 
The question now arises as to what part is played by its 
} respective constituents — whether the cell- wall, the body 
;of the cell, (protoplasm), and the nucleus have di&rent 
^ficee. 

' . l^e c^Lwalh being the result of a retrogres^ve change 
in, j^e c^not be reg 9 .rde.d as taking any 

<ibe the ttc1|ii?jty of which is much. 
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diminished by its existence, as is also its power of repro- 
ducing itself by simple division. It is in old cells that a 
cell-wall is most frequently met with, in those newly 
formed it is entirely wanting. 

The nucleus has usually been looked upon as the seat 
of the nutrition, as distinct from the specific functions of 
cells, and has been supposed to play an important part 
in their multiplication and reproduction. The fact that 
when a cell divides, the division usually commences in 
the nucleus, and only subsequently ifcakes place in the 
rest of the cell, would appear to favour this view; as 
would ^Iso the great uniformity of the nucleus both in 
she and form, whatever be the functional nature of the 
cell. It must be borne in mind, however, that non- 
nucleated cells may multiply, and that nucleated cells 
have been observed to divide, the nucleus itself taking no 
part in the process. 

Whatever bo the part played by the nucleus, there xan 
be no doubt that the protoplasm is the most important 
factor of the cell, and it may itself be the only constituent. 
The spontaneous movements, alterafions in form, and 
migratory powers characteristic of young cells, are due tc» 
the protoplasm. Such movements are observed in the 
cells of the embryo, in lymphoid and young epithelial 
cells, in some of the cells of connects tissue, and in 
white blood and pus cells. 

The protoplasm, as already stated, maybe the sole seat 
of the nutritive and formative power of the cell. It would 
appear, however, probable that it is more especially con- 
cerned in the performance of function, and that the specific 
functional ‘peculiarities of cells arc dependent rather upon 
it than upon their other constituents. The volume and 
consistence of the protoplasm vary in different cells, and 
in the same cell, at different times and under different 
circumstances. It is apparently capable of imbibing and 
giving up ^uids, at thlt same time u^^^going corre- 
sponding alterations in volume;^ iFhei^^Jl^hsideratibns 
render it probable that it ia the ^t rdf^iho 
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power of the cell, and of those other properties which 
represent its specific functions. 

Glnusis of CvliiS.- The proposition of Virchow, that 
every cell orijri nates directly from a pre-existing cell, forms 
the basis of the pathology of the present day. To Kemok, 
however, must be ascribed the merit of having first esta- 
blished the cellular origin of the tissues. 

The multiplication of cells nuy take place in three ways 
•^hy simple dioibion, hy ifoutviaf ion, and by tndotpiious 
growth In the first two methods the cell bro«iks up into 
fragments; in the last, new cells originate within the 
patent cell. The process is obviously associate^ with 
growth and increase of the protoplasm. 

The inultiplicdtion by siin]»lc division is the most fre- 
quent method. The coll divides and forms two cells, and 
each of those again di\ ides and forms two more, and so 
on. In nucleated cells the nucleus as a rule divides first. 
The nucleus, however, may divide and multiply within 
rio. 2. 



A Mitltinvcleat(d Oil From the lung m a case 
of Chronic Phthisis Shoiving the l.iig( utimbir 
of ttudei ivitli bright nucleolr x 400. ^ 

tho (jell without an;^ division of the cell taking place. 
If the nuclei multiply within the cell, and the protoplasm 
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continuously increase without subsequent division of the 
coll taking place, large, many -nucleated, iwegular-shaped 
masses of protoplasm are produced. These are the giant or 
myeloid colls, which are met with in the medulla of young 
bone, in some new formations, and in certain inflarama-' 
tory growths. (Fig. 2.) (See also “ Myeloid Sarcoma,** 
Fig. 50.) The existence of a dense cell-wall iuterfercs 
with the process of multiplication by simple division. 

By endogenous multiplication is understood the de- 
velopment of cells within pre-existing-* cells. The multi- 
plication of the cells of cartilage, such as occurs in the 
growth»of bone and in the process of inflammation, has 
been adduced as an example of this mode of cell formation. 
Here, however, we have simply tlie division of tjie carti- 
lage cell within its capsule, and the process is precisely 
similar to multiplication by simple division (See Fig. 83 d). 
The mode of cell formation which must bo regarded as 
strictly endogenous, m what is now commonly known as 
Vacuolatlon, This was described some time ago by 
Virchow in his “ Cellular Pathology and owing to the 
more recent researches of Klein and others, it now occu- 
pies an important place in the history of cell development? 
The process consists in the formation of a vacuole in the 
body of the cell. This vacuole may gradually increase in 
size until it occupies nearly the whole «f the cell, being 
merely surrounded by a thin layer of protoplasm, in 
which may often he seen the displaced nucleus (Fig. 3, h). 
Within this vacuole one or more new elements are formed. 
These either originate from the nucleus of the cell, or they 
are produced from the protoplasm which forms the wall of 
the vacuole. In the latter ci^se, according to, Dr. Klein, 
buds grow out from the protoplasmic wall towards the 
interior of the vacuole, and these becoming detached form 
new cells.’* , Ayacuolated cell with an endogenous brood 

* “The i#atomy of the ll|;rmphatie System,’* vol. i# pp. 56— 6Cf 

and Klein on “Endothelial vosicles of growing blood-vessels 
. embryo chick.” “ Sitzuugberichte der mener k. AcademicAWiB- 
BCensohidten,*’ Part for March, 1871* . 
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is shown in the accompanying drawing (Fig. 3), for which 
I am indebted to the observer just quoted. It must, 
howo,^er, be remembered, in forming any conclusion as to 
the origin of small cells within a larger cell, that there 
>jxists the possibility that these may have entered from 
without. 

• Fig. 3. 



A Vacw'ilcjtcd Oil. a. Protoplawm of coll coneti- 
luting wall of the vaoiiolc. b. Displaced uuclci. 
c. The vacuole, d. Drop of fat. c. Endogenous 
brood. (Klein.) 

The endogenous mode of cell formation is not that by 
which tissues regenerate themselves. This is usually 
effected b)? «imple division. Elements which have an 
endogenous origin have commonly a destiny different from 
that of the parent cell. 

In multiplication by gemmation, a small portion of the 
protoplasm.project^''from the cell and becomes detached 
by constriction at its base, thus forming a new cell. This 
is much leas frequent than the two former processes.* 


• Thfl autlior wishes it to bo distinctly understood, that in the 
subsequent pages the term “ceZi” is employed to designate tho 
most elementary factor of tho tissues which is capable of (exhibiting 
the phenomena characteristic of an independent organism, quite 
irrt^spcctively of the existence of a coll- wall, or even of a nucleus. 



CHAPTER II. 


NUTRITION ARRESTED. 

> 

The absolute and permanent arrest of nutrition consti- 
tutes local or systemic death. Under this head are in- 
cluded Ihe three following processes : — 

1. General or Systemic Death, — In this, the arrest is 
general; the nutritive processes cease throughout the 
whole body. 

2. Gangrene 6r Necrosis, — The arrest is local, and con- 
fined to a particular part, which, when dead, retains to 
a greater or loss extent its external form and anatomical 
characters. 

3. Molecular Death or Necrobiosis, — The arrest is also 
local, but usually results from a previous gradual impair-^ 
ment of the nutritive processes, which ultimately entirely 
cease in some of the histological elements. The dead 
part is a granular debris in which all4raige of ^he original 
structure is lost. This will be considered under “ Atrophy 
and Degeneration.” 

GAWGKENE OR NECROSIS. 

Gangrene or Necrosis is the complete and permanent 
arrest of nutrition in a pari — occurring for the most part 
more or less suddenly — which, when dead, retains to a 
greater or less extent its external form and anatomical 
structure. The series of processes by which this is 
brought about is called Mortification, pho dead tissue—ei 
Sphacelus Slough. #In bone the pre^ess is called 
Necrosis, the result— a Sequostrums 

arrest of nutrition is followed by the oc^pl^ie 
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cessation of all the evidences of life both functional arid 
2 )hysical ; and the part thus removed from the influence of 
the “vital forces” undergoes those chemical and physical 
changes which are common to inanimaie organic matter, 
^'he extent of these changes and th6 rapidity with which 
they take place, will vary considerably according to tho 
nature bf the surrounding media, and to the amount of 
blood and fluids contained in the part. When the gan- 
grene is due to, or associated with, venous obstruction, 
and tho return of rtood and absorption of fluids are thus 
interfered with, the decomposition of the dead tissue, if 
exposed to the air, proceeds rapidly. In a li^inb, for 
example, the coldness and the paralysis of motion add 
sensation, which arc amongst the earliest signs of the 
cessation of life, are followed by the transudation of the 
liquor sanguinis from the blood-vessels, and, evaporation 
being to a great extent hindered by the epidermis, the 
transuded and accumulated liquids often form large bull© 
oh the surface. As decomposition proceeds, gases are 
generated in the part — ^jDrincipally sulphuretted hyd rog en, 
ammonia, nitrogen, and carbonic acid. These give rise to 
•the emphysematous crackling which is so often associated 
with the gangrenous process. The tissues at the same 
time undergo a process of softening or liquefaefion, the 
limb becomes eweedingly offensive, and, owing to altera- 
tions in the transuded hromoglobin, changes from a reddish 
colour to a brownish or greenish black :-iithis is Moist 
Gangrene, In those cases, on the other hand, in which 
the gangrene is associated with obstruction of the main 
arteries, ns in senile gangrene, in the gangrene due to 
eznbolisiri, and in that induced by ergot of rye, there is no 
accumulation of blood or fluids in the part, so that de- 
wmposition proceeds much less rapidly than in the 
preceding, an^the dead tissue may gradually dry up and 
.Become eonr^i^cd into a black shrunken ma^, which 
furfclier change ^-thwwjonatitutes 
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its vascnlarity, the canse of the gangrene, the acuteness 
of the process, and the possibility of the access of atmo- 
spheric air. The more vascular the tissue, the softer its 
structure, and the more it is exposed to the atmosphere, 
the more rapidly And completely does it undergo decom-’ 
position. Bone, cartilage, and tendons, which are jEirm 
hard tissues, containing comparatively but few ^vessels, 
undergo very little alteration in structure and form; 
whereas softer parts are much more rapidly and com- 
pletely destroyed. 

The occurrence of decomposition manife.sts itself in the 
first pl3.ee in the blood contained in the part : this fluid 
u^idergoes the earliest and most rapid change. The 
hmmoglobin escapes from the red corpuscles, partly by 
exudation, and partly by the destruction of the cor- 
puscles themselves, and dissolved in the liquor sanguinis 
permeates the surrounding tissues.^ The corpuscles are 
ultimately comjilctely annihilated, nothing remaining but 
a few minute granules. 

The staining of the tissues with haemoglobin is com- 
monly known as post moiiem staining, and the appear- 
ances it presents are very characteristic. All the tissues 
may be more or less affected, but the lining membrane of 
the heart and large blood-vessels, being in immediate 
contact with the blood after death, are natur^ly more so 
than other parts. The staining is of an uniform pinkish- 
red colour, thjpis differing from the punctiform and* ^rati- 
form redness of hyperasmia, from which it must be 
carefully disting^shed. The amount of stainiug is in 
proportion to the rapidity with which decomposition has 
taken pladc, and to the amount of blood contained in the 
part at the time of death. 

Bigor Moatis. — In muscle the arrest of Nutrition is 
accompanied by a state of rigidity, 'Jinown as the Bigor 
Mortis, w This is u peculiar condition of the muscles ob^ 
served in almost all bodies after death* th^ be^ 

come, firm and somewhat shortened? aS 
,ol chronic contraction. It 
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have lost their irritability, Le. their capability of respond- 
ing to artificial stimulation ; in other words, as soon as the 
nutritive processes have completely ceased. The time of 
its appearance will therefore depend upon the state of 
"hutrition of the muscles at the time of' death ; the more 
healthy and vigorous this is, the longer it is before the 
nutritiV'e processes completely cease, and consequently the 
longer it is before the rigor mortis supervenes. The 
length of its duration and its intensity are in direct pro- 
portion to the latelless of its appearance, in people, for 
example, who are in perfect health, and die suddenly, as 
from accident, the rigor moHis does not usually ®ome on 
until from ten to twenty-four hours after death ; it is very 
marked, and often lasts two or three days. In those, on 
the other hand, who die from some exhausting disease, as 
from chronic phthisis or the adynamic fevers, in which the 
nutrition of the mus(j^es becomes much impaired, the rigor 
mortis appears very soon, sometimes as early as ten 
minutes after death ; it is very slight and may pass off in 
less than an hour. It has been said that in cases of death 
from poisoning by carbonic acid and sulphuretted hydro- 
gen, from lightning, and from some of the severer forms of 
the adynamic fevers, the rigor moHis is entirely absent. 
It is doubtful, however, if this is the case, as the rigor 
mortis has probably escaped observation, owing to its 
early supervention and rapid disappearance. As soon as 
the rigor moi-tis has passed off, decomposition of th^' 
^iusonlar tissue commences. 

The rigor mortis occurs not only as the result of syste-, 
mic and local death, but it may also bo induced artificially 
by temporarify arresting the nutrition of the muscle. If 
tie supply of blood to a muscle be out off by the. applica- 
tion of a ligature to the artery supplying it^ itf iqiiiokly 
passes hito a condi^on which is b^isting^^habl^ll^bm 
the T^f^r mortis. If th^ ligature be 

fuijl, the vitc^ity 
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merly supposed to be a spontaneous contraction, the last 
act of vitality on the part of the muscle. More recently, 
however, Kiihne and others have shown that it is really 
owing to the coagulation of the albuminous substance 
of the muscle — myolin. The myolih fluid, during hfe^ 
coagulates when .nutrition has ceased, the coagulation 
being attended by the liberation of a free acid. Thus is 
produced the fi rmne ss, hardojcas, and opacity of the 
muscle, which disappear as soon, as disintegration - and 
decomposition commence. The transverse striation of the 
fibres then becomes indistinct, and gives j)lace to irregular 
rows of^ granules and fat nfolecules, the muscle softens, 
ite sarcolcmma is destroyed, and ultimately nothing re- 
mains but a soft structureless debris. 

A similar coagulation takes place in the cells of plain 
involuntary muscle, and here also a rigor mortis occurs. 
In the cells of all other tissues a coagulation of the proto- 
plasm occurs on the cessation of the ‘nutritive processes; 
the cells become cloudy and granular, and then break up 
into molecules of various sizes. 

Respecting the disintegration of other tissues i—The 
cells of adipose tissue rapidly diminish in size, owing tc 
the escape of the fluid fat, which dift’uses itself throughout 
the surrounding structures. The fibres of connective 
tissue 'swell up, become opaque, and ifltimately liquefy. 
In nerve-fibres, the white substance of Schwann coagu- 
ln.tes and collects into small drops (myolin) within the 
neurilemma. Cartilage and bone resist the nccrotisin|J 
process longer than any of the tissues and arc the least 
altered by it. 

The termination of the gangrenous process varies. It 


may, after involving a greater or less extent of tissue, 
become arrested, and a “ line of demarcation ” form be- 
tween the dead and living parts (OircumBcrihed Gangrme) \ 


continue to mi^tend without such 
^i^t^t:.at|jracovery {Diffuse Cf^ngrene). When the pro- 
(^n^y^ap^^rested, the dead tisdue — ^the 
bo(^^ and' aa 
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inflammatory changes in the adjacent living structures, 
and by this means it is ultimately removed or becomes 
encapsuled. The tissues immediately surrounding the 
necrosed part are thus in a state of inflammation, as is 
evidenced in external structures by their swelled condi- 
tion, red colour, and high temperature. As the gangre- 
nous process ceases, the necrosed fragment becomes 
limited by this lino of inflamed tissue, which constitutes 
the “ line of demarcation^' between the dead and living 
parts. Along thie^ line a process of ulceration and sup- 
puration takes place, and by means of this the dead mass 
is gradually separated from the surrounding strjictures. 
The ultimate termination of the process depends priufa- 
pally upon the situation of the affected part — if this be 
superficial, the slough is thrown ofl:, as in external parts, 
the intestines, the pharynx, &c., an ulcerated surface 
being left. If the dead mass is deeply seated, its removal 
becomes possible only by tho extension of the necrotising 
process to the surface, as is exemplified by the sponta- 
neous removal of necrosed bone through fistulous open- 
ings in the soft parts. In other cases the inflammatory 
process which takes place in the tissues surrounding the 
dead part is less intense, and the formation of pus is less 
abundant, and is soon followed by that of connective 
tissue,, a layer of which is ultimately formed around the 
necrosed mass by which it becomes cncapnuled. This 
occurs especially in internal parts. Examples of it are 
l^mished by foreign bodies, hjpmorrhagic infarcts, accu- 
mulated epithelial products, portions of necrosed bone, 
and a footus in the abdominal cavity, aH of which may 
thus become surrounded by a layer of connective tissue. 
The part when thus encapsuled is usually rendered inert, 
and no longer acts as an irritant to the tissues in which 
it lies} it undergoes’ a gradual process of absorption and 
ij^ryiig up, and often becomes calcified. ’ 
jgAWS.'-*The causes of gangrene may be ^vided into 
interfere^ the supply of nutritive mate- 
desijroy the vitality <o£ ^the^ 
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histological elements, so that tlicy are no longer able to 
perform their functions. 

A. The supply of nutritive material may be interfered 
with by:— 

•1. Obstruction in t\e Arteries, — This is a common cause* 
of gangrene. The obstruction, may be caused by a liga- 
ture, by compression of the vessel, by solution of 5ts con- 
tinuity, by thrombosis oy embolism, and by disease of 
the arterial coats. If the obstruction be complete and a 
collateral circulation cannot be established, death of the 
part quickly ensues. Obstruction to the arteries alone, 
the return of blood by the veins not being interfered with) 
uSiially produces the dry form of gangrene. 

?. Obstruction in the Capillaries. — Obstruction here is 
usually the result of pressure upon or stretching of the 
vessels. This may take place from the accumulation of 
inflammatory products, haamorrhage, or from the pressure 
exercised by new growths. The resulting obstruction to’ 
the capillary circulation causes the death of the imme- 
diately adjacent tissues. As examples of gangrene from 
this cause may be mentioned the necrosis of the super- 
ficial layers of the bonSf which so frequently results from* 
periostitis, owing to the' compression of the capillaries 
between the bone and the periosteum ; also the slouching 
of the mucous membranes in diphtheriai^ and of thtj skin 
over a quickly growing abscess. 

3. Obstruction in the Veins, — Obstruction to the return 
of blood by the veins jnust- be so complete, in order tef 
arrest nutrition, that it is in itself rarely a cause of 
gangrene. It is when associated with obstruction in 
the arteries that it constitutes an important agent in 
producing this result. This combination of venous and 
arterial obstruction is seen in a strangulated hernia; in 
the invagination of a portion of the intestine, in the 
oons})riction of a part by a tight bandage, and in contn* 
sions and kcerations of the soft parts in which bqth 
arteries and veins are injured or beAme sti»nguJaU[ff^b;y^ 
the te^ion oft the tissues whi^ subseginently onsn^C ^ 



20 


NUTRITION ARRESTED. 


all cases in which gangrene is associated with venous 
obstruction it is of the mowt variety. 

4. Diminialied Cardiac Power. - This is never inde- 
pendently a cause of gangrene. In cases, however, of 
excessive general debility or disease of the cardiac suTb- 
stance, the cionsequent diminution in the contractile 
power <tf the heart materially aids the foregoing causes 
in producing a fatal blood-stasis. The arrest of the cir- 
culation in “ senile gangrene,** and that which so often 
occurs in the tissues of the back in adynamic fevers tand 
in chronic exhausting diseases, is in part the result of 
diminished cardiac power. This arrest in the la?/j-namcd 
conditions, is usually dotermined by some injurious 
.stimulation of the tissue — in other words, it is a part of 
an inflammatory process. 

5. hiflfDuniatioih . — The effect of the inflammatory pro- 
cess is to impede or arrest the circulation, and to impair 
the vitality of the aftected part, and the intensity of the 
[)roccss may be so great as to permanently arrest the 
circulation and cause gangrene. Gangrene from inflam- 
mation has been called inflammaioi'y, acute, or hot gan- 

•greno. It is always of the moist variety, and is charac- 
terised hy the heat, swelling, tension, and redness of the 
affecto<l part, which quickly becomes flaccid, cold, of a 
gn^enlsh- black c^lo’.^r; and exhales an offensive odour. 
Cortaiu inflammations have a special tendency to termi- 
nate in gangrene, as diphtheria, erysipelas, carbuncle, 
and “ hospital gangrene.’* In these conditions the gan- 
fgrenoiis tendency is probably due to some alteration of 
the blood, possibly to the presence of minute oi'ganisms.' 
In all cases, the more impaired the nutrition of the part 
Avhich becomes the seat of an inflammatory process, the 
more likely is this to cause its death. 

B. Destruction of the vitality of the histological ele- 
•nents may be caused by : — 

1. Mechanical Agtincics . — Under this hcadoare included 
extenial violence, befit, cold, and corrosive substances, all 
of which, by directly and completely .destroying vitality, 
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may be causes of gangrene. In most cases, however, 
this result is preceded by more or less inflammation. 

2. Poisons introduced into the Circulation . — Phosphorus 
and cr^ot of rye are the most important of these. 'Phe 
necrosis of the jaw which results from phosphorus ap- 
pears, ho\yever, to be owing to the direct contact of Ihe 
phosphorus with the bone, and the gangrene of the- ex- 
tremities which sometimes follows the loug-(M)ntiniied 
ingestion of ergot, is probably due to that contraction of 
the small arteries which this substance produces. 

Sexilk (jANiiKEXE. ■ This is a form of mortification 
\^ 5 }uch /?ff(‘cts especially the lower extremities of (dd 
peoide, and is the result of several of those conditions which 
liave already been enumerated as causes of gangrene. 

The most important element in the prothiction of senile 
gangrene consists in the occurrence of atliororaatous on' 
calcareous changes in the arteries of the limh, in conse/ 
qucncc pf which the circulation in it l)ecomcs impeded and 
its vitality impaired. This is evidenced by the coldness 
of the feet, the cramps, and tlio other abnormal sensa- 
tions which are so often ox])crieueod by tlie patient some 
time before the gangrene sets in. This toiidoucy to locaP 
stagnation of the circulation is usually materially in- 
creased by the simultaneous atrophy or degeneration of 
tlie muscular substance of the lioart itsflf. The conibin<;d 
effect of the ■•diminished vl>s d targo and of the arterial 
degeneration may, in some cases, be alone siifficieut to 
cause arrest of tlie circulation and tlie formation of 
. thrombi in the vessels of the limb, and thns to cause 
gangrene. Tlie supervention of the gangrene, however, 
is usually determined by some iujuriems stimulation of 
the tissue, as a slight abrasion of the foot, a bruise, injury 
to a corn, or excess of heat or cold, which sets up in- 
flammation in the already weakened part, and thus by 
still further obstructing the circulation in it, and impafr- 
ing its vitality, causes its death. |3enile gangrene, being 
associated with arterial obstruction, is usually of the drg , 
vari^y. 



CHAPTER III. 

NUl^ITION IMPAIRED. 

It lias boen seen in tbe preceding chapter that tie ahs«»- 
lute arrest of nutrition followed by the complete cessa- 
tion of all manifestations of vitality and function, con- 
stituting local or systemic death. Those conditions must 
now be considered in which the interference with nutri- 
tion, for the most part, falls short of absolute arrest, and 
in which, although vitality is impaired, death is only an 
occasional sequence. Such conditions are comprised 
under “ Atrophy,’* and “ Degeneration.” 

ATROPHY. 

Atrophy is a diminution in the amount of a tissue, 
owing either to di-jiiinution in the gi ge , or diminution in 
the mimher, of the histological elements of which it is 
composed. It is attended by loss of weight, and impair-- 
ment of function. 

When the elements are diminished in size only, it is 
called 8 imph ,Aiwvhy ; when the number is diminished, 
it is called Numerical Atrophy. These two varieties are 
often associated, being different stages of the satne pro- 
cess : simple atrophy may, however, exist without nume- 
rioah atrophy, but numerical never exists without simple, 
•li Atrophy.-— Simple'd^inution. ia the eizejof 

/the ejbjpents ofca tissue is^l^^far^ most edfnihon con- 
with in atrophy.. It is well exemplified by 
wtet takes place in ordinal emaciatLon, in which 
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gradually disappears from the subcutaneous adipose 
tissue. Adipose tissue is merely common connective 
tissue, many cells of which are distended with fat. When 
a person emaciates, the fat is gradually removed from the 
cells, so that they diminish in size, and the fatwhicll 
completely filled the cell may be reduced to a few^ isolated 
drops : the cell-wall and Nucleus at the same time often 
become distinctly visible (Pig. 4). Here there is no de- 
struction of the cells, no diminution in their number, but 
simply the removal of some of their contents. As the fat 
is removed from the cells it is often partially replaced by 
% seroif^ fluid. 

Fio. 4. 



Adipate tissue. A. Normal. B. Atrophic, from a case of 
piithisis. a. A single fat-cell with coll- wall, nucleus, and 
drop of fat. x 300. (Virchow.) 


This diminution in the size of the elements may take 
place in any tissue. The cells of all glandular organs 
may thus become atrophied, and so prodhee a diminution 
in the size of the whole organ ; this is constantly met 
with in the liver, kidneys, mammary gland, spleen, 
testicles, lymphatic glands, and other parts. Muscular 
tissue in the same way atrophies by the diminutiou in the 
size of its primitive fasciculi : this is seen in the heart 
and in the voluntary muscles. * In all these cases the 
elements remain alr^st unchanged, and hence alt tttat 
is necessafy for the rwtitution of Ijne tissue is 

nutritive aotlvi^, and the assinula^n ^ 
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n. Numerical ATRornr.— This is an advanced sta^e 
of the former process ; the elements are not only dimi- 
nished in size, but some of them have actually perishod 
and ceased to exist as vital agents. 

• This destruction of histological elements which occurs 
both in atrophy and in some forms of degeneration — and 
is called* by Virchow, Ncc-rohio^s — must be distinguished 
from the death of circumscribed portions of tissue which 
constitutes gangrene and necrosis. The two processes 
resemble one another in so far as deatlL-is_.common to 
both of them. In NecrohinsUt however, the change is a 
molecular one ; there is a gradual exhaustion 8f vital 
power, a molecular disintegration and destruction of 
elements, so that at the termination of tJie process all 
that remains is a granular debris, in which hut little or 
no trace of the former structure of the part can be dis- 
covered, Qhe death and deaquamation of the superficial 
layers of the epidermis is a’^wcll-known example of this 
molecular change. Gangr^e, on the other baud, affects 
circumscribed tracts of tis«e, and is the result of some 
sudden arrest of nutritiow as distinguished from the 
gfradual exhaustion of vitiw power. Death is more sud- 
denly induced, and a necrosed mass remains at the ter- 
mination of the process in such a condition that the 
.structure of the pu^jt can u.sually be recognised. Nume- 
rical atrophy is thus of much graver import than that in 
which the elements continue to exist as such. In it, 
restitution is ofily possible by the production of new 
elements, ' whereas in simple atrophy, repair can be 
eff^od without new formation. 

Atrophy may be gejnn'al — affecting to a greater or' 
less extent all the organs and tissues of the body, or it 
6. may he y^ajiial and limited to particular parts. General 
atrophy is usually and is rarely accompanied by 

dd^trut^ioh of elements. It affects in the first place the 
subcutaneous adiposo^tissue, then the adipose tissue in 
other situations, as that surrounding- the viscera and in 
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the omentuin, then the muscles and glandular organs, and 
lastly the nervous and osseous structures. 

Although atroi>hy in its strict signification consists 
simply in a diminution in the size or in the number of 
the component elements of a tissue, it is rarely a perfectly 
simple process, but is usually associated with more or less 
fafty df^genpjrntwu, Tliis^ owing to the fact that when- 
ever the nutrition of a part is so much interfered with as 
to cause it to atrophy,' it is very prone to undergo fatty 
changes; and it will be seen when Speaking of “fatty 
degeneration,'* that this process owes its origin to causes 
similar V) those which produce atrophy itself. 

Calse!>.“ 111 speaking of the causes of atrophy, it will 
be necessary to distinguish between those which act upon 
the tissues generally, and those wJiich have merely a local 
influence. 

(Jentral Airoidnj may bo caused by : — 

1. Dcfiriput of Nutntivp MaJavial , — ^Wliatevcr 

interferes with the supply of nutritive material to the 
tissues will be followed by their atro]>hy. lOeficient 
supidy of food; ohstriiction to the passage of the food 
into the sloiriach or intestines, as in stricture of thS 
trsophngus or pylorus ; the mal-assiniilation which re- 
sults from the various conditions giving rise to dys- 
pepsia ; interference with the ahsor])tion of the chyle, 
from obstruction of the thoracic duct, or disease of 
the mesenteric glands constituting the so-called “tabes 
mesentorica;** may all in this manner bo ^causes bf 
general atrophy. 

2. Wasie . — All those conditions which \(jire 
attended by the loss of large quantities of nutritive 
material, may be causes of general atrophy. Such con- 
ditions are furnished by continuous haemorrhages, profuse 
and long-continued suppuration such as often occurs in 
caries and^ompyetua, diarrhoea, and the excretion of lai^e 
quantities of albumen or sugar as^iu Bright's disease or 
diabetes. The waste resulting from the increased tissue* ^ 
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change which accompanies acute febrile diseases, must 
also be included under this head. 

3. Imj^aired Nutritive Activity, — This constitutes an 
important element in the production of the atrophy of 
old age, — senile atrophy, .As life advances, the vitality of 
the elements gradually dii^nishea, their ability to separate 
nutritivfi material from tjie blood and to assimilate it for 
their own maintenance becomes less and loss, and hence 
they gradually atrophy, and ultimately all manifestations 
of their vitality ce^e. 

Although general atrojdiy may thus bo referred to one 
of the foregoing causes, it is rarely a simple process, but 
usually depends upon the combined influence of two or 
more of them. The atrophy associated with pulmonary 
phthisis, for example, results partly from the loss of 
nutritive material in the profuse expectoration and 
diarrhoea, partly from the deficient sux^ijly consequent 
upon the imperfect oxidation of the blood and upon the 
intericrence with assimilation which is so oiten caused 
by structural changes in the stomach and intestines, 
and partly from the incretased tissue-change. In senile 
atrophy, again, in addition to the general diminution of 
nutritive activity, there is frequently some condition of 
the digestive organs interfering with assimilation which 
materially aids in producing the ultimate result. The 
atrophy which accompanies the acute febrile diseases is 
hy no means a simple process, increased tissue-change, 
loss of appetite, and interference with assimilation being 
all component parts of it. 

Partial Atrophy may be caused by 

1. Iwj)^ect supply of 'Blood, — The effect of interfering 
with the supply of blood to a part will depend upon the 
extent of the interference. If it be entirely cut off the 
port ^dl die (See “ Gangrene”), if merely diminished it 
will atrophy. 

Diminished supply of arterial blood is a confinon oanse 
of atrophy, and may be brought about in various ways,- 
^ The nutrient vessels may be obstructed by^pressure^xer« 
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ciscdupon them within or without the organ to which 
they are distributed. In cirrhosis of the liver, the pres- 
sure exercibcd by the new growth of inter-lobular tissue 
causes atrophy of the secreting structures. In other 
cases the supply of blood is diminished by interference 
with the circulation at some distance from the part, as by 
the pressure of a tumour upon the artery leading to it. 
The atrophy of the i)roximal end of the shaft of a bone 
after fracture above the point of entrance of its nutrient 
artery, is due to the same cause. ® 

The atrophies which result from pressure exercised 
lucctl/upon the part itself, are also owing to the con- 
seciuent interference with nutritive supply. Atrophy of 
the sternum from the pressure of an aneurism, atrophy 
of the kidney from the pressure of retained secretion — as 
in stricture of the urethra^ enlarged prostate, <&c., and 
atrophy of the skull iu chronic hydrocephalus, are well- 
known examples of those atrophies from pressure. 

Mechanical congestion in the same way is not an un- 
common cause of atrophy. The circulation is impeded, 
the blood is not returned normally by the veins, hence 
there is deficient arterial supply, aud atrophy results. • 

2. Diminished Functional Activity . — This is the most 
common cause of atrophy, many examples of which are 
fumibhed both by physiological and pathological pro- 
cesses. After birth those parts which are no longer re- 
quired to serve any purpose in the economy gradually 
atrophy and waste. The ductus arteriosus, the umbilical 
arteries and vein, the WolflSan bodies, and later— the 
thymus glands, all in this manner disappear. The invo- 
lution of the uterus after delivery, the wasting of the 
spleen and lymiihatic glands in advanced life, and of the 
lower jaw after the loss of the teeth, are other physio- 
logical examples of atrophy this cause. 

Muscles which from any cause have long remained 
inactive atrophy. This is seen in the various forms of 
'paralysis, especially in the so-called essential paralysis of ^ 
^bik^en ; also in limbs which have become incoj^acitaiod^ 
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either on account* of anchyloaia, or of chronic diseases of 
the bones or joints. 

After the establishment of an artificijil anna, the lower 
part of the intestine atrophies, and becomes converted 
ftito a tibro-cellular cord. 

Bones in the same manner atropliy from want of nsc. 
After tbe amputation of a limb, tlie cut end of the bone 
atrophies ; and atrophy of the orbit follows exfcirj>atioJi of 
ths eyeball. 

Interference witlfthe function of nerves is also followed 
by their atiMphy. This is seen in the atrophy of the 
optic nerve, wliieh often follows destruction of iTie eytft 
and alho in the atrophy of the nerves of a limb which 
has lons^ b(‘cn incapable of action. 

;1. luKrewd Fiuictloual Actlvihj . — This may in quite 
exceptional cases be a cause of atrophy ; much more com- 
monly, however, it is a cause of hypertrophy. Certain 
glands sometimes atrophy from excessive use, especially 
the testicle. 

4. Th(> Acium of Snhsfavccs * — Certain sub- 

stances aduiinistered internally iq)poar to be capable of 
producing atroidiy. Tx)diije, bromine, mercury, lead, and 
the alkalies, may bo enumerated amongst tbe most im- 
portant of these. Iodine and mercury exercise a special 
influence upon the lyi.q)hatic system, and bromine upon 
the organs of genmution. 

6. Nn'vous — Bcspccting the influence of the 

nervous system as a direct cause of atrophy, little is cer- 
taiuly known. That atrophy is a frequent sequence of 
changes in the nerve-trunks and nervous centres, there 
can be no doubt ; but it is probably in most cases to be 
attributed to au inillruvt influence. Tlie atrox)hy of 
muscles, for example, which have become paralysed from 
lesions in the brain or spinal cord, is usually rather the 
result of the consequent interference with their function, 
than of any direct ii^uence iipon their nutrS^ion. The 
^ very rapid atrophy of muscles, however, which follows 
certain ^Iterations in the nervous centres ^and injures of 
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the nerve-trunlcs, renders it exceedingly probable that 
some nerves contain fibres which exercise a direct influence 
upon nutrition, and that nervous influence may also b^' 
a direct cause of atrophy. (See “Introduction.”) In 
some cases also, changes in the nervous system may cause 
atrophy by aflecting the size of the blood-vessels, and so 
interfering with the supply of blood. * 

fi. Lijianniatio )!, — This is sometimes described as a 
common cause of atrophy. The atrophy, however, which 
u such a frequent sequence of an inflammatory process, 
is in most cases due to that new growth of fibroid tissue 
which developed in chronic inllammatiouH. The new 
fisHue, by the pressure which it exercises, causes atrophy 
of the proper structures of the organ. I’his is seen, for 
example, in cirrhosis of the liver. It is probable also, 
that the ^pairment of vitality which results from an 
inflammatory process may lead to atrophy of the histo- 
logical elements, independently of the existence of new 
fibroid growth. 

PiiYMCAL CiTAKArTEus. — The estimation of atrophy is 
often a matter of considerable difficulty. The great crite- 
rion is diminution in absolute weight. The weight of an 
organ, however, varies considerably in health; it varies 
with the weight of the body as a whole, and it may be 
less than natural from incomplete development. The 
same is true also of the muscular and osseous systems. 
An accumulation of blood and serosity in an organ may 
again increase its weight, and thus constitute a source oi 
fallacy. This is o'ften the case in organs which have beer 
for some time mechanically congested, in which, nltliougl 
their size and weight may be increased, their tissue i 
considerably diminished in amount. 

Organs wliich are atrophied are usually diminished no 
only in weight, but also in size. In most cases they cor 
tain less blood, they are drier, firmer, and more fibroma i 
consistence than in health. Their functional powers ai 
invariably diminished, 

The whole of the textures of which an organ is coi 
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posed may snfTer ; some, however, do so more than others. 
Tlie fibrous constituents are the last to atrophy, hence 
the firmness, toughness, and loss of elasticity so commonly 
met with in tlie atrophied parts. In glandular organs, 
Jthe secreting cells are usually the first to show signs of 
atrophy; they become smaller, and are often finely gra-* 
niilar, from the presence of molecular fat ; the vessels and 
nerves also share in the wasting process. In the sub- 
cutaneous cellular tissue, the fat is gradually removed 
from the cells, whi^ thus diminish in size. In muscles 
the primitive fasciculi hccome smaller, and their trans- 
verse stria) gradually disappear ; ultimately the whole of 
the contents of the sarcolenima may be entirely removed, 
and nothing remain but the connective tissue. This pro- 
cess is usually accompanied by more or less fatty degene- 
ration of the muscular fibres, and in some cases by tbo 
development of fat between tho- fasciculi. (See Fatty 
Infiltration of Muscle.”) 


ATROPUr OP BONE. 


Atrophy of bone is always attended by a diminution in 
weight, but not always by a diminution in size. It is 
met with in two forms. In one, the compact and can- 
cellous tissue gradually become absorbed, the medullary 
canal diminishes in size, and the whole bone thus be- 
comes smaller. This is known as concentric a{ro]phy. Ifc 
is met with ep]jecially in the long bones, in cases of long- 
standing anchylosis, dislocations, or paralysis. 

In the other variety of atrophy there is no diminution 
in the size of the bone, but merely a gr^ual conversion 
of CQipfipact into caiusneUous tissue. The whole bone thus 
bfiioines rarefied, and it is exceedingly light and brittle, 


80 ’that fractures with great facility. This, in*cohtra-. 
distinct&n, to the former variety, is known 
atwphy. it is usually met with 
ii^iu ’most' cases acoompM^d' 
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PULMONARY VESICULAR EMPHYSEMA, 

This appears to be tlie proper place to describe the 
changes met with in the lungs in emphysema, inasmuch 
as these cliangcs are characterised mainly by atrophy of , 
the walls of the air-vosicles. 

Emphysema consists essentially in a permanent en- 
largement of the infundibula and air-vesicles in larger or 
sSialler areas of the lungs. The dilatation appears 
usually to commence in the infundil^ilum, and to ex- 
tend from this to the air- vesicles which open into it, so 
that ult^iately the whole may be thrown into one large 
Cifvity. As the process proceeds, communications are 
established between adjacent groups of air-vesicles, and 
thus cavities of still larger area are produced. 

Atrophou-ti -The more minute histological 

changes which accompany emphysema vary somewhat in 
different varieties of the disease. In that form of emphy- 
sema which occurs iu old people, and which is essentially 
a senile change, thc^ alterations in the walls, of the air- 
yosicles consist simply of atrophy of the several struc- 
tures of which they are composed: — hence the term* 
alroi)hom or small-linifjed emphysema, which is applied 
by Si*' W. .fenner to this variety of the disease. The air- 
vesicles may not be much increased in size, but several of 
them arc tlirowu into one, .their walls are considerably 
thinner than natural, the connective tissue, elastic tissue, 
and blood-vessels all having apparently shared in the 
wasting process. There is usually also an abnormal 
amount of pigmentation. Such lungs are smaller than 
naturul, and quickly collapse when the thorat is opened. * 

‘ Eyportrojpho'ds iimphysema. — In the other important 
variety <rf > emphysema the lungs are increased in size, so 
bulge forwards when the thorax is opened, 
the former variety, certain 
\ to be increased im 

il^repitant, and< 
tim natural: This 
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is described by Sir W. Jcnner as liypcrtrophoiia or 
lunged emphysema. 

When such lungs are examined microscopically, it will 
be found that the dilatation of the air-vesicL'S is more 
^ marked than in atrophous emphysema, although less 
general in its distribution. The atropliic changes also do 
not aflijct equally the various tissues which make up the 
alveolar walls. The elastic fibres appear to be more 
especially wasted, whilst, according to some observers, 
the connective tissue is increased. I have been unable to 
discover any mavKed increase of the connective tissue in 
the alveolar walls, although an increase of this^tissue is 
often to be seen around the smaller interlobular blo6d- 
vessels and bronchi. The capillary blood-vessels which 
are distributed on the walls of the air- vesicles are atro- 
phied and diminished in calibre, owing to the stretching 
and pressure which result from the vesicular dilatation, 
whilst the larger interlobular vessels are often found 
thickened and distended with blood. In some cases 
there is more or less fatty degeneration of the epi- 
thelium, imd usually an abnormal pigmentation of the 
^lung. 

Etiology . — It Vould be beyond the scope of the present 
work to discuss the various theories which have been pro- 
pounded to account for the dcveloi)meTit of emj>hysema. 
It is, however, oljvious that all conditions which increase* 
the pressure on the inside of the air-vesicles, or damage 
the resisting powers of their walls, may be causes of per- 
manent vesicular dilatation. 

Increased pressure on the inside of the air- vesicles may 
result from — 

let. Violent expiratory efforts with closed glottis, 
such as occur during the act of coughing, blowing wind 
instruments, violent muscular exertion, &c. Those parts 
<jf the lungs which, are least supported will be over- 
distended. This is the expiratory theory of .Jcnner. 

2nd. Certain portions of the lungs being incapable of 
expansion, owing to collapse, consolidation, asthmatic 
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apasm, &c. There will be excessive tensioii in those paints 
into which the air can enter. 

impairment of the resisting power of the air-vesicles 
may result from — 

1st. The loss of elasticity and atrophy which is a com- 
comitant of old age. This is the most important element 
in the causation of atrophous emphysemu. * > 

2nd. The atrophy of the air- vesicles resulting from that 
stretching of their walls and obliteration of their blood- 
vessels which is caused by their ovej-distension from 
increased pressure exercised upon their inner surlacc. 

ord. Damage to the walls of the air- vesicles, which 
probably in certain cases results from previous attacks of 
pulmonary inflammation, or from some interference with 
their nutrition due to mode of life or to other causes. 


Degeneration. 

The Degenerations” include a class of morbid pro- 
cesses which are characterised by ^ alteration in the 
quidlty of the tissues, and which, like atrophy, are at- 
tended by impairment of function, and often by annihila- 
tion of histological elements. 

The alteration in the quality of the tissue results either 
from its direct metamorphosis into a new material, or 
from its infiltration with some substance which has been 
conveyed to it from without. 

Atrophy and degeneratioij> thus so far resemble one 
another, that in both processes nutrition is impaired and 
function interfered with. In atrophy, however, as pointetl 
out by Virchow, nutrition is simply altered in 
the waste of the tissue is in excess of the assimilation of 
new material, and consequently, there is a diminution in 
the amount of the tissue and an impairment of its funca 
tional powars. In degeneration, on the other h&nd, 
, nutrition is altered in quilU^V* ^ substance exists in 
the tissues, which either originates in the tissue itself, or 
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infiltrates it from without ; this is attended by impair- 
ment of the vitality and functions of the elements of 
which the tissue is composed, resulting either from the 
presence of the new material, or dependent upon the 
, same conditions as those which give rise to its formation. 

Causes. — Of the causes of the Degenerations as a class, 
but little can be said, the various forms depending for the 
most part upon different conditions. These will be de- 
scribed under their respective heads. 

The Degeneratipns may be divided into two classes — 
the Metamorphoses and the Infiltrations, 

1. Tue Metamorphoses. — ^These are characterised by 
the direct metamorphosis of the albuminoid constituents 
of the tissues into a new inaterial. This is usually fol- 
lowed by the destruction of the histological elements and 
the softening of the intercellular substance, so that ulti- 
tnately all trace of structure may be lost, and function 
be completely arrested. The Metamorphoses include 
Fatty, Mucoid, and Colloid Degeneration. 

2. The L'ufiltrations.— -These differ from the Meta- 
morphoses inasmuch as the new material which exists in 
,the tissues is not derived from their albuminoid con- 
stituents, but is deposited in them from the blood: 
there is an infiltration and deposition of a new sub- 
stance. This is rarely followed by destruction of the 
histological elements, or by softening of the intercellular 
substance ; hence the structure of the tissue is much 
less altered than in the Metamorphoses, and function is 
usually much less interfered with. The infiltrations 
include Fatty, Amyloid, Calcareous, and Pigmentary 
Infiltration. 
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FATTY DEGENERATION. 

By Fatty Degeneration is nsnally understood the replace- 
ment of flie normal constituents of the tissues by mole- 
cules, or drops of fat. An accumulation of fat in the 
tissues occurs/ however, under very different circum- 
stances, and under the general term of “ fatty degenera- 
tion** are included different pathological processes. Before 
proceeding to describe these processes and the histological 
changes which they produce, it will be well to consider, 
in the first place, the sources from which the fat met with 
in the body is derived ; and secondly, the circumstances 
under which it may accumulate so as to constitute a 
morbid process. 

General Pathology of Fatty Degeneration , — The chief 
source of the fat met with in the body is the oleaginous 
epnstituents of the food. A portion of these are stored 
up in the cells of certain tissues, to be utilised as pro- 
ducers of force and heat when the requirements of the 
system ^ay demand it. The cells of adipose tissue, and, 
to a less extent, those of the liver, thus serve as physio- 
logical re8er^^oirs for fat. 

The other sources from which fat may he derived is 
from goccharine and albuminous principles. The albu- 
minous principles in' the process of nutrition undergo de- 
composition, and the products of their decomposition 
contain a c^tain atasount of fat. This is ttsuall/ebm^ 
remoyed hy oa^idation, hut under certain circum-' 
.Itoncee the oiddaUon, ia' incomplete, and the acetonur 
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Tn considering the circumstances under which an accu- 
mulation of fat in the tissues may constitute a morbid 
process, it is to he remarked that it often becomes exceed- 
ingly difficult here to draw any sharp line of demarcation 
between health and disease. This is especially the case 
when the accumulation of fat is excessive in situations 
where fat is normally met with. When it occurs in ab- 
normal situations, the morbid nature of the process is 
evident. 

An accumulation of fat in the tissues may occur so as 
to constitute a morbid process under the four following 
conditions : — • » 

1st. When the food contains an excess of fat, or of 
substances capable of becoming converted into fat. 
Under such circumstances the oxygen taken into the body 
is insufficient to oxidise the excess, and it consequently 
accumulates in the cells. 

An accumulation of fat from this cause occurs as a 
physiological process in the growth of adipose tissue. 
Adipose tissue is a connective tissue containing numerous 
cells which are distended with fat. The growth of 
•this tissue thus consists simply in the fatty infiltration 
of more of these cells. (Fig. 5.) If this be excessive 
it constitutes obesity. The temporary accumulation of 
fat in the liver during the digestion of an aliment rich 
in fatty substances is another example of this kind of 
deposition. •This will be described when speaking of the 
“ fatty liver.” If the amount of fat be very great it may 
accumulate, not only in normal situations, but also in 
tissues where fat is not usually met with, and in both 
cases the accumulation will thus constitute a morbid 
process. 

2nd. When there is no such excess of fatty substances 
in the fbod, but the processes of oxidation are so imper- 
fectly perfolmed, either locally or generally, thkt the fat 
contained in a natural diet is incompletely oxidised. 

< Srd. When the, fat which is liberated froin the nitro- 
genous conetituenis of the food during the pr<^S8 of 
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nutrition does not undergo tlie complete oxidation wliicli 
it should, and so remains within the cells. 


Fio. 6. 



Fatt}! TmJUltratim qf Connective Tisme. Showing 
accumulation of fat witliin the cells, x 300 
(Hindfleisch.) 


4th, When the fat which is liberated from the proto- 
plasm of cells during the process of nutrition is inconv 
'pletely oxidised, and so accumulates in, and takes the 
phice of, the protoplasm. Here there is a gradual trans- 
formation of the protoplasm into fat, so that the cell is 
ultimately completely destroyed. 

Fatty degeneration in which there is thi? destruction of 
histological elements is one of the most common forms of 
the disease, and it will hereafter be more fully described 
as fatty metamorphdsis^ Its nature was first pointed out 
by Dr. Quain in his well-known researches on fatty dege- 
neration of the heart,* Dr. Quain there stated that the 
fat met with in the muscular fibres in this condition was 
the result of a metamorphosis of jthe -fihreaihemselyes, 
and was jiot derived from without. The truth of«Dr. 


^Medico^hirurgicaJ Trans, Iiond.,” Vol. xxxiii. 
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Quain’s teaching has since been confirmed by the ex- 
perimental investigations of Drs. Voit and Bauer. 

Voit and Bauer’s investigations wei'e made with the 
object of determining the source of tiie fat in that acute 
.form of fatty degeneration which is produced by poisoning 
with phosphorus, in which the degeneration is due to the 
destruction of the red blood cells, and the consequent 
diminution in the oxidising power of the blood.* They 
gave phosphorus to dogs which had for some days pre- 
viously been starjed, so that any fat which might be 
present in the tissues after death could not have been de- 
rived either from the food or from the adiposojbissue of 
the animals. The phosphorus produced very extensive 
and general fatty degeneration, and the fat- must obvi- 
ously have arisen from the protoplasm of the cells. Voit 
concludes from these investigations — Ist. That the trans- 
formation of albumen which takes place in cells is inde- 
pendent of the supply of oxygen, but that if the oxygen 
be deficient, the fat and other products of the transfor- 
mation, being incompletely oxidised, accumulate in the 
cell. 2nd, That the presence of fat in the cells may thus 
be due to increased transformation of the albumen, or to 
diminished oxidation of the products of its decomposition, 
ilrd. That the fatty degeneration in poisoning by phos- 
phorus is due both to an increased transformation of the 
albumen of the cells, and to diminished oxidation of the 
fat and other products of the transformation. 

It will thus be seen that of the four conditions enume- 
rated as causes of fatty degeneration, in all, with the 
exception of the first, the accumulation of the fat is 
principally due to incomplete oxidation, whilst in the 
first there is no imperfection in the oxidising processes, 
but the oxidisable materials are in excess. These two 
conditions are frequently associated. 

An incompleteness of oxidation, and a consequent ten- 
_ o 

‘ Voit and Bauer, “Z^tschrift f. Biolo^e,” vii. pp. 68-85; and 
Voit, “ Neues Bepenorium fur Pharmaoie,^ xx. pp; 3il0-849. 
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dency to tlie production of fat, occurs under various cir- 
cumstances. The red blood cells being the carriers of 
oxygen, all those conditions in which the supply of blood 
is interfered with, the red blood cells diminished in number 
or defective in quality, or the oxygenation of the blood ‘ 
imperfectly performed, may lead to, fatty degeneration. 
The interference with the supply of blood to the* brain, 
for example, by thrombosis or embolism, causes fatty 
degeneration of the brain-tissue. (See “ Cerebral Soften- 
ing.”) The destruction of the red blfiod cells by phos- 
phorus and other poisons, and that general condition of 
•fiUPLaemia ^hich sometimes exists in young people and is 
also produced by many chronic and acute diseases, are 
also followed by a similar result. The senile forms of 
fatty degeneration which are seen in the cornea and car- 
tilage, and are due to that diminution in the activity of 
the circulation which exists in old age; and the fatty 
degeneration of organs and tissues which have been long 
disused, and in which consequently the quantity of blood ‘ 
circulating through them and the oxidation processes 
become diminished (see “ Fatty Infiltration of Muscle”), 
are other examples of degeneration from this cause. The. 
cancers and other rapidly growing tumours in which the 
rapidity of growth is out of proportion to the vascular 
supply, also undergo extensive fatty changes. Lastly, 
the imperfect oxygenation of the blood which results from 
certain chronic diseases of the lungs constitutes one 
element in the causation of the fatty degeneration which 
so frequently exists in these diseases. 

In proceeding to consider the histological changes which 
are produced in the tissues by an accumulation of fat, it 
must be stated, in the first place, that these vary very 
considerably according to the cause of the d^eneration. 
In those cases in which the fat is derived from the meta- 
]horx)hoBi8 of the nitrogenous constituents of the tissqps, 
the tissues^are destroyed in the process ; whilst in other 
cases no such d^truotion usually takes place* Althoi^h 
these i'W'o conditions may occasionally be ^sociated, yct« 
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owing to the marked difference in the results which they 
respectively produce, it will be well to speak of them 
separately; that in which the fat is derived from the 
metamorphosis of the tissues being termed Fatty Meta~ 
morphosist that in which it is derived from the oleaginous, 
saccharine, or nitrogenous principles of the £ood— ‘Fatty 
Infiltration, 

FATTY INFILTRATION. 

In Fatty Infillyation, the fat which is deposited within 
the cells usually occurs as distinct drops of oil. In the 
earliest stages of the ]jrocess these are very wnall, . 
as the deposition proceeds they gradually accumulate 
and run together, displacing and obscuring the nucleus 
and protoplasm, until the cell is completely filled and 
distended with oil. (Fig. 6.) The 
vitality and functions of the cells 
are but little impaired by the accu- 
mulation, and the protoplasm — 
although rendered almost invisible 
when this is excessive — remains un- 
altered. The cells within which 
the fat accumulates not being de- 
stroyed, the removal of the fat is 
•all that is necessary to restore them 
to their original condition. As 

Liver Ceii't in various already stated, fatty infiltration 
S%800^(mdSh> physiological process in 

the growth of adipose tissue, and 
also in the liver during the digestion of an aliment rich 
in fatty substances. 

F.\TTY INFILTRATION OF MUSCLE. 

In^udcle, fatty infiltration is frequently met with as a 
n^rbid process. The cells in the connective tisj^ne whicL 
eurrounds the faBci|uli of the muscle beconft filled with ' 
fat; and this development of fat between the primitive, 
muscu^r fasciculi has often been confounded wi|h deg^« 


Fig. G. 
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neration of the fibres themselves. In this latter process, 
however, which will subsequently be described as fatty 
metamoi'phosis of muscle, there is a direct metamorphosis 
ofihe.muscular fibres into fat ; whereas in the condition 
now under consideration, there. is a deposition of fat 
between the fasciculi, which remain — during the early 
stages at all events — unaiffected. The interstitial fat 
varies in amount. In some cases single rows of fat cells 
alternate with rows. of muscular fasciculi, at other times 
the accumulation is less regular, mor^ existing between 
some fibres than between others ; in all cases, however, 
**W?e mus(flilar elements may be discovered lying amongst 
the fat. (Fig. 7.) If the latter be very considerable 
in amount, the muscle may appear to the naked eye to 
be entirely converted into fat; but the microscope will 
always reveal the muscular structure in which it is 
embedded. 

This condition is frequently met with in animals which 
have been fattened, the fat increasing not only in the 
usual situations, but also accumulating between the 
fasciculi of the muscles. In muscles also which from 
any cause have for some time been incapacitated, and in^ 
which consequently the circulation of blood and the 
oxidation processes are reduced to a minimum, this inter- 
stitial growth is extremely liable to occur ; e». gr. in the 
extensors of the wrist-joint in cases of lead-poisoning, 
and in long-standing paralyses from lesions of the brain 
or cord, also in muscles which have been rendered 
useless by anchylosis of a joint. In progressive muscular 
atrophy, as Virchow has shown, the affected muscles 
exhibit this change, together with true fatty meta- 
morphosis. 

Fatty Infiltration of the Heart . — ^In the heart fatty 
infiltration is not unfrequently met with ; and heiy it is . 
, especially important to distinguish it from the much m^ve 
>gt8LYe condition in which the fibres# themselves are pri- 
Ufl^ily affected. In health, there is a varying amount of 
fat coloring the surface of the heart beneath the visceral " 
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layer of the pericardium, which is always most abundant 
in the grooves between the auricles and ventricles, where 






Fiitt;/ InJUtrfTiton of JTeort. A section from the more external 
portion of tiie left ventriclo of the heart, showing the growth of fat 
between Iho musciiiar fibres. The fibres are in some places atro- 
phied and conimoiicing to undergo fatty metamorphosis, x 200. 

it surrounds the blood-vessels. This may increase so as 
to completely envelop the organ, and at the same time 
gradually insinuate itself between the muscular fibres, 
so that to the naked eye all appearance of mtiscular 
structure may be lost, the walls looting like a mass of 
fat. In hearts less affected, striae of fat will be seen lying 
'anaongst the muscj^. (See Fig. 7.) The fib is .always 
most abundant near the surface, the muscular structare 
becoming mote evident towards the endocardium.. 
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immediate effect of the interstitial growth is to 
disglace and compress the muscular fibres^between which 
i4 insinualesltself, and in doing so it diminishes tlio con- 
tractile. power of the muscle. This is especially important 
when occurring in the heart. The pressure, however, 
which it exercises upon the fibres and the accompanying 
blood-vessels, ultimately causes atrophic and degonetative 
changes. Thus the fasciculi gradually atrophy, the trans- 
verse striation becomes indistinct and is replaced by mo- 
lecular fat ; in fine, triie metamorphosis the muscle is 
established. These two processes, indeed, not uncommonly 
hand i%hand together, the interstitial infiltration pre- 
ceding the intrastitial metamorphosis. 

PATTY INFILTEATION OF THE LIVEft. 

It is in the liver that fatty infiltration assumes its 
most important aspect, and in this organ it is exceedingly 
frequent, constituting what is commonly known as the 
“ fatty liver.” The hepatic cells always contain a small 
quantity of fat, which is temporarily increased after the 
ingestion of fatty substances. It will be well to describe 
this physiological infiltration before proceeding to the 
morbid process. 

The ingestion of an aliment rich in fatty substances is 
followed by a temporary excess of fat in the portal blood, 
and by the deposition and temporary accumulation of a 
portion of this within the hepatic colls. This fat is first 
deposited in the cells which are in immediate contact with 
the capillaries of the portal vein, and thus is produced 
an excess of fat in the cells at the circumference of the 
hepatic lobules. This gradually passes from the cells at 
the circumference to those in the interior, whence it is 
ultimately conveyed again into the circulation. This 
process goes on until the excess of fat is removed frorn 
the blood, when the hepatic cells a^ain acquire theiir 
-former character. There is thus a transitory accumular. 
tidn of fat within the hepatic cells which is gradually 
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removed, the vitality of the cells not being thereby 
impaired. 

The morbidly fatty liver is one which contains an ab- 
normal quantity of fat, and here also, as the fat is usually 
deposited from the blood in the portal capillaries, the 
increase is first observable in the external zone of the 
hepatic lobules. (Fig. 8). It accumulates here within 
the cells as minute globules, which as they increase 
coalesce and form large drops of fat. These ultimately 
completely fill gfnd distend the cells, which at the same . 
time become larger and more globular in shape. (See 
Fig. fi.) As the process proceeds, the aocumulatii'’* ^ 
advances from the periphery towards the centre of the 
lobule, until its whole mass may be involved, and the 
cells universally become distended with fat. The vitality 
of the cells is not materially impaired by the infiltration ; 
they continue to perform their functions, as is shown by 
the presence of bile in the stools and in the gall-bladder. 
In many exceptional cases the accumulation of fat is most 
marked around the hepatic vein. This, according to 
Virchow, is probably to be explained by supposing that 
the fat is becoming excreted, and that only the last cells 
retain’ a little of it. 

The fatty liver is somewhat increased in size, in ad- 
vanced stages often considerably so. The gurfacp is 
smooth, the edges are thickened and ronj^ded, the speeifio 
gravity is diminished, although the absolute weight may 
be increased. If the infiltration be slight, involving merely 
' the portal zone of the lobules, the cut surface will present 
a mottled appearance, the external fatty zone being of an 
opaque yellowish-white colour, whilst the central portion 
remains unaltered, or is perhaps somewhat hypermmic. 
The more extensive the infiltration the larger is the pale 
zone, and ultimately, when the whole lobule is involyedt 
jbhere may be left in the centre merely a reddiah-brotm 
point, which corrisponds with the commcA*.ement of the 
hepatic vein ; and in many cases even this point is lost. 
The organ is then of an alpiost uniform opaque yellowish- 
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white colour, and the boundary between the individual 
lobules may be completely obscured. In very exceptional 


Fig. 8. 



Faity Liver. Showing the accumulation of fat in those cells 
more especially w’hicli are situated in the extc'rnal zone of the 
lobule. There is also an increase in the interlobular connective 
tissue (Cirrhosis). V. Hepatic vein. 1. Interlobular connective 
tissue. X 50. 


cases the accumulation of fat is much more abundant in 
Isoine portions of the liver than in others, so that on 
section, yellowish points and streaks are seen scattered 
over its surface. The consistence of the organ is much 
diminished, it feels doughy, and pits on pressure with 
the finger, and the knife used to cut it becomes coate^ 
with oil. "Ae pressure exercised bye the infiltrated fat 
produces considerable aneemia of the organ, but the 
interfer^ce with ^ the circulation is never sufficient to 
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cause ascites, hsemorrhago, or other evidences of portal 
congestion. 

The liver is especially liable to become the seat of fatty 
accumulation. This, according to the late Dr. Bence 
Jones, is owing — firstly, to the excess of non -nitrogenous 
oxidisable matter which is always present in it ; secondly, 
to the deoxidised condition of tlie portal blood; and 
thirdly, to the low pressure and slowness of circulation in 
the portal vessels — conditions the least favourable to 
oxidation.* • 

An accumulation of fat in the liver occurs under two 
opposite conditions — one in which there is general obesiAy, 
and the fat accumulates in the liver in common with other 
parts ; and ^another, in which there is general emacia- 
tion, and a consequent impairment of the oxygenating 
power of the blood. The fatty infiltration of the liver 
which is so constantly associated with certain chronic 
diseases of the lungs, is probably also partly due to im- 
]iertcct oxygenation of the blood from destruction of lung- 
tissuo. b^atty liver caused by phosphorus and other 
poi'ious lias been already alluded, to. 

'rhe other variety of fatty degeneration — fatty meta- 
morijhosis, will be described in the following chapter. 


• “ Lectures on I’ailiology and Thewp'utics.” Dr, Bence Jones, 
1 >. 171 ). 
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FATTY DEGENEEATION (continued). 

FATTY METAMORPHOSIS. 

diifers from fatty infiltration, inasmuch as the fa^is 
derived from the albuminous constituents of the tissues 
themselves, and not from the fatty, saccharine, or nitro- 
genous principles of the food. 

The process consists in the transformation of the albu- 
minous Constituents of the tissues into fat, in the manner 
described in the preceding chapter, the cells being the 
parts which are most frequently affected. This fat 
makes its appearance as minute granules and molecules 
within the cells, usually first in the protoplasm, and sub- 
. frequently in the nucleus. The granules — which are cha- 
racterised by their dark colour, sharp contour, strong 
' refractive power, and solubility in ether — gradually in- 
|i!rease in number, until the whole of the protoplasm has 
undergone the transformation. As they increase some of 
tijem may coalesce, and so form distinct drops of fat. As 
the pr<Sfess proceeds the cells undergo an increase in siz3 

« d become more globular in shape. Ultimately the 
Lclous becomes involved, the cell-wall, when this exists, 
destroyed, and the cell is thus transformed into a mass 
of granular fat (Fig, 9). 

, l| These granules of fat may remain in a coherent form 
softie time ; thjfey then constitute what were formerly 
.Known as the “ iislUimmatory** or “ exnd|Ltion corpuscles,” 
or “ corpuscles of which ^ so common in chronic 

(^rebral softeuiia^gf And in othip!^ forms of fatty degene- 
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ration (Fig. 9, 6). Ultimately the corpuscles break up, 
the albuminous matter between the gianules of fat 
liquefies, and the fat becomes distributed in the tissue 
(Fig. 9, h), 

Eio. 9. * 



Falltf MHamot of fV/A a Fiom a 
CT-Tn « 1 h. Fiom tilt bi iiu 111 < liioiin' softt^n- 

insf Tlio biitti bhow tin ‘ p muliii 

coTiniPt l< s/’ and also tho mumi^i m which 
tin be bi come dibintegiated x 200. 

Types of this pathological process are furnished by 
many well-known physiological ones, one of the most 
charactf 1 ibtic of which is perhaps the seciction of milk. 
The mammary gland is a large racemose gland, consisting 
of numerous^ groups of lobules lined with epithelial cells. 
The secretion of milk takes place m the following manner : 
—The cells limn<T the lobules of the gland multiply 
abundantly, and the new colls as they arc produced 
gradually become converted into fat ; the cell breaks up, 
and thefalty matters iu a more or less coherent form 
, constitute the milk-corpuscles. In the earliest stages of 
jthe process the granules of fat cohere and form the 
colostrum-corpusch s, which are precisely analogous to 
I the large granular corpuscles met witli in chronic 
j cerebral softening, &c. (Pig. 9, 6) ; hut as the secretion 
becomes fully established, and the multiplication and 
disintegration, of the cells takes place more rapidly, the 
fatty molecules b|come at once distributl^d in the liquid 
in which they are suspended, giving to the secretion its 
characteristic white colour. The milk-corpuscles thus 
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formed are replaced by the continuous formation of new 
cells from below, wliich in tbeil^turii undergo fatty meta- 
morphosis, and in this inatmer a continuous formation 
and destruction of cells take place. 

Other examples of (ktty metamorphosis are afforded 
by the formation of the sebaceous matter of the skin, the 
cerumen of the ears, and the corpus luteum in the ovary ; 
all of which take place in the same way by the fatty 
metamorphosis and destruction of newly formed cells. 

The immediate* effect of'fatty mctfimorj^diosis is to pro- 
duce, more or less softening of the affected part, the cellu-i 
Jfii^elemenl^ are completely destroyed, the iutercellular; 
substance also undergoes fatty changes, and thus all trace 
of the original structure may be ultimately lost. This' 
destruction of the cells is the essential feature of the 
change, and distinguishes it from fatty iitJiUratiou, in 
which the colls within which the fat accumulates usually 
remain intact. 

If large tracts of tissue are affected,' the change is 
readily recognisable by the diminution in consistence 
and elasticity which are produced, and in many cases 
also by the opaque yellowish- white colour. If, however, 
the change is limited to minute and isolated portions of 
the tissue, its existence can only be discovered with the 
aid of the microscope. 

The fatty particles into which the cells have been 
transformed, under favourable circumstances are .readily 
absorbed. This is seen in the fatty degeneration and 
absorption of inflammatory products, such as occurs in 
croupous pneumonia. In order for such absorption to 
take place, it is necessary that the , tissue shquld.be freely 
supplied with blood-vessels. If this is not the case, the 
degenerated products are liable to undergo certain 
changes whereby they become converted into a pqltace(>us 
crumbling materiarsomewhat resembling cheese .— rthis is 
known as easeMion, 

Caseation. — This is a modification of the degenerative 
proces|i.itt which the fatty products gradually ^17 iP'ihtp 
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^ 9 ^ yellowish friable material, which has been compared to 
soft cheese. This change appears to be owing to a 
natural dryness of the degenerated tissue, resulting from 
deficient vascular supply. It is^ost frequent in parts 
which contain but few vessels, or in those in which those 
become obliterated by inflammatory products or by some 
new Jjro vvth. Growths composed of closely-crowdcd cells — 
as epithelial accumulations within the jmlmonary alveoli, 
growths in the lynipathic gljuids, in the brain, and in the 
osseous structunes, are the most liable to become caseous. 

The process consists in a gradual drying iq) of the 
degenerated elements ; the fluids are absorbed, the 
— which tare many of them incompletely degenerated — 
shrivel and atrophy, the fat undergoes partial saponifica- 
tion, cholesterine forms, and the tissue thus becomes 
converted into a soft, yellowish-white, cheesy substance, 
composed of atrophied cells, fatty debris, and cholesterine 
crystals. This material may gradually dry up more and 
more, and ultimately become encapsuled by a layer of 
fibrous tissue. 

These cheesy matters are constantly met with, espe- 
cially in the lungs, and considerable confusion has arisen 
as to their nature and origin in this situation. This has 
proceeded from its having been formerly the custom to 
look upon all chee.sy masses as essentially tubercular. 
Tubercle, it is true, often undergoes, to a greater or less 
extent, fatty degeneration, and it may thus, like all 
other growths which have undergone this process, be- 
come converted into a yellow cheesy substance ; but it. 
is by no means true that all cheesy masses are tuber- 
cular. The pathological significance of caseation is 
thus less limited than was formerly supposed, and' 
although this change is undoubtedly most common in 
tuberculdhs and scrofulous lesions, its occurrence niefely 
indicates that the plemcnts have undergone fatty meta- 
ijjorphosis, and lyider no circumstance#' is it in i^teclf 
evidence of any one particular form of morbid grotirth. 

/Q.VA ** Qat«aAi1/mio Triflo 
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The caseous mass may subsequently become calcified,r 
OT iintlergo a process of softening and liquefaction. 

CALCifiCATiON. — This is an advanced stag^ of the pre- 
ceding process. It mos^ frequently occurs in those cases 
in wliicli the cgseons mass is completely enclosed and 
isolated froni the exteimal air, as when in the lymphatic 
glands, in bone, or when encapsiiled in the lungs. ‘The 
mass becomes inliltratcd with calcareous particles, and is 
thus converted into a calcareous concretion. (See “ Cal- 
careous Degenerjition.”) , • 

SorTJiNJNo. — This process consists in a^Uquefaction of 
•41i',\feCaseous %ubstanc.o, which is probably owing to some 
chemical change in its constituents. It most commonly 
occurs in parts which come into contact with the external 
air, esj>ecially’ in those situated in the lungs. The 
caseous mass liquefies, and is converted into a thin puri- 
form liquid, containing curd-like cheesy matter, which to 
the naked eye looks much like pus, but under the micro- 
scope is seen to cpnsist simply of granular debris, fat, 
and cholestenne crystals. This, if not discharged, may, 
like the caseous masses, ultimately dry up and become 
calcified. 


PATTY DEGtENEllATlON OP AUTERIES. 

Fatty degeneration of arteries may be a primary or 
secondary affection. As a secondary process it is met 
with in Atheroma and other inflammatory conditions of 
the vessels in which the fatty change is preceded by 
a cellular infiltriition of the,, sub-endothelial connective 
tissue. (See “ Atheroma.’^) 

Primary fatty degeneration is a passive process, not 
being preceded by any increased nutritive activity of the 
parts affected by it. It may affect both the internal, 
middle, ajxd external coats of the ai’tery, but it is most 
common in the first-named situation. The change usually 
commences ii^lhe, endoth elium and th^ connective tissue 
cellar in the most internal layers df'the^nner coat, smedl 
g?pup' 3 l)f ceffs b^edmihg affect'edlh vanoM of the 

a2 . 
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vessel; and it may gradually extend from williin out- 
wards, the intercellular substance softening, until, in ex- 
ceptional cases, the whole thickness of the intima is 

destroyed. (Fig. 10.) 

^ ^ Fig. 10 . 



Fait}/ Dfiqnicrntim of ike haemal Coat of Dio 
Aorta. Minute wish-white patches scat- 
tered over the luiiiijr membrsme of the vessel. 

A very tliin layer pi'eled off and x 200, showing 
the groups of fat molecnlos. and the distribution 
of fat in tho intima. 

In the earlier stages of the process, tho condition is 
recognised by the existence of small, iiregular- shaped 
patches of an opaque yellowish- white colour, projecting 
very slightly above the surface of tho intima. These, 
which are so constantly met with on the lining membrane 
of the aorta, may at first he mistaken for atheroma. 
They are in most cases, however, readily distinguishable 
by their superficiality, and by tho facility with which 
they can be stripped off from the subjacent layers, which 
present a natural appearance. In atheroma, on the other 
hand— which a-ffocts the deeper structures— if the super- 
ficial layer he removed, the opacity and thickening are 
seen to exist beneath it. In many cases the change is 
limited entirely to the innermost layers of the vessel .; the 
more the subjacent tissues are involved, the greater is the 
irregularity in the shape of the patches, and the less readily 
can they bo separated with the forceps. The opaque 
paibches occasionally break down, the celll are destroyed, 
the intercellular substance softens, and the granular debris 
is carried away by the circulation, leaving smaUj irregular. 
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superficial erosions upon the lining- membrane of the 
vessel. These erosions are not ulcers in the true sense of 
that term, not being the result of an active pi’ocess. They 
resemble the superficial erosions so common upon the 
mucous membrane of the stomach, as described by Dr. 
Wilson Fox. 

Simple fatty degeneration may occur in any of the 
arteries, but it is in^-h^ sillier ones that its injuriousA 
influence is most marked, and in these it is more especially* 
liable to afFect the external coat. IIer€^ by diminishing 
the elasticity and contractility of tlie vessels, it causes 
“^legenerativ^ changes in the parts which they supply, and 
often leads to rupture. This is exemplified by many cases 
of chronic cerebral softening and cerebral hmmorrhage, 
although here atheromatous are often associated with the 
fatty changes. In the larger^ arteries, as the aorta — 
where it is exceedingly common — it is of less importance, 
the inflammatory pnxjess, atheroma, having here a far 
more deleterious effect. 

Faitij Dageneratioiv of Gapillaries , — The capillaries 
may also be the seat of fatty changes. Hero they are 
most common in the nervous centres, and in the kidneys 
in Bright’s disease. The process commences in the 
endothelial cells,, and may involve considerable areas of 
the capillary wall, so that rupt ure is often the ultimate 
result. This is common in the smallest cerebral blood- 
vessels, where it is sometimes a cause of cerebral 
(capillary) hasmorrhage. 

Primary fatty degeneration of blood-vessels is in most 
cases a senile change ; it is an expression of that general 
impairment of vitality which exists in advanced life, and 
is usually associated with similar changes in other parts. 
When, however, it is limited to the lining membrane of 
the largest arteries, it is often met with in early life and 
in persons w|jo are otherwise perfectly healthy. Fatty* 
degeneration secondary to inflammak)ry conditions will 
be considered subseq[nently. (See “Inflammation of 
Blood-vessels.”) 
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lATTY DEGENERATION OE THE BRAIN. — CEREBRAL SOFTENING. 

Fatty degeneration of tbe brain is met with in those 
morbid conditions comprised under the common term of 
“ Cerebral Softenings.” Whatever interferes with the 
supply of blood to the cerebral substance will tend to 
produce fatty degeneration, and hence softening. The 
portions of the brain which are the seat of this change 
may bo merely rather softer tfiau the surrounding healthy 
tissue — breaking down more readily under a stream of 
water which is allowed to fall upon them — or they may 
be com|)letely diffluent. They arc never distinctly cir-"^ 
cumscribed. but pass by insensible gradations into the 
neighbouring tissue. 

Under the microscope the change is seen to consist in 
a disintcgratio7i of the nerve-tissiie. The , white sub- 
stance of the fibres fi^t coagulates, then breafe^s up into 
large masses (inyeliuc), and these suhsetpiently undergo 
fatty metamorphosis. The cells of the neuroglia, the 
.small blood-vessels, and when the grey matter is impli- 
cated, the large nerve-cells, are also involvcnl in the fatty 
change. The tissue Is thus converted into broken-down 
fibres, a large amount of molecular fat, and numerous 
largo granular corpuscles, the so-called “ exudation 
corpuscles” or ** compound inflammatory globules of 
Gluge.” (Fig. 11.) These cor^mscles, as already stated, 
were formerly looked upon in all cases as the result of 
inflammation, lionce their name; they are, however, 
simply conglomerations of fat granules formed by the* 
degeneration of the cellular eleiuents. (Sec Fig. 9.) The 
cells from which they originate are, according to Virchow 
and Robin, the cells of the ncuroglia—the connective 
tissue of the brain :--these colls share in the fatty change, 
and in doing so, appear to undergo considerable enlarge- 
before they are destroyed and the fatty matter 
breaks up. They wary in size from -j, to inch in 
diameter, the average being When the softening 

. affects the grey matter the nerve-cells jalso cont^n mole- 
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cular fat. Tlic small arteries and capillaries running 
through the softened part are many of them filled with 
fat granules and granular cells. These latter probably 
originate in the white blood corpuscles which have accii- 


Fig. 11 . 



Chronic White fiofifninff of the Brain. Show- 
ing tho gi-auiilar corptisoh3s, broken-down, nevvo- 
fibres, and fat granules, of which tho softeiu'd 
substance is composed. One or two nucleated 
colls (probably norvc-cells) aro also visible. 

X 2o0. 

mulated in the part and undergone fatty changes. Mole- 
cular fat and the large granular corpuscles will also be 
seen adhering to the external surface of the vessels ; and 
here care is required to distinguish these from fatty dege- 
neration of the vessels themselves, with which the cerebral 
softening is so frequently associated. As the process 
proceeds tho cerebral substance is completely destroyed 
and all trace of nerve-structure is ultimately lost. 

The colour of the softened portion varies considorahly. 
It may resemble that of the surrounding healthy tissue ; 
in other cases it is altered to a yellomsh or deep red tint. 
According to these variations in colour, cerebral soften- 
ings have, been classified into vfhiie^ yellow , and red. The 
colour depends in great measure upon the amount of 
blood contained in the part, and on this account is im^ 
portant, as iiffilicating tho manner in^which the softening 
has been brought about. . 

WhUe jSo/iet^^if.^This is, in the great majority of cases, 
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a chronic concliiidn. It occurs especially in old people, 
and is usually duetto that disease of the smaller cerebral 
blood-vessels and consequent inte^erence with the circu- 
lation which is cominou as a result of age. The impair- 
ment of the contractile power of the heart must also con- 
stitute an auxiliary in the causation of the imperfect 
vascular supply. It is the gradual manner in which the 
su])ply of blood is diminished which accounts for the 
absence of .hypermmia or haeffiorrhage, so that the colour 
of the softened portion either resembles that of healthy 
brain-tissue, or is an opaque dirty white. White soften- 
ing is sometimes acute, in which case it is usually due to^ 
the sudden obstruction of the circnla-tion by the irnx)action 
^ of an embolus in one of the larger arteries. (See “ Embo- 
lism in the Drain.*’) 

Yellow Soffeydng. — This is, in most cases, simply a 
variety of the former process, in which, from the fine 
state of division and close aggregation of tho fatty 
particles, a dead yellowish- white colour is imparted to the 
softened tissue. This colour is probably often partly 
owing to the presence of altered blood pigments, tbo 
result of some previous slight extravasation. The pig- 
ment may sometimes be seen as fine dark granules, scat- 
tered through the cells of the neuroglia and the nerve- 
cells of the grey mailer, where at first sight they look 
like fatty particles ; they are distinguished, however, by 
their dark black colour. A softening of the brain more 
rapidly induced, as by embolism or thrombosis, may also 
occasionally be of a yellow colour. This, however, is only 
tiie case when the softened portion has attained a certain 
,ago, and much of the extravasated blood has been re- 
moved by absorption. Lastly, a condition of gelatinous 
fcdema of a yellow colour, which has been described by 
Kokitansky as often being present in the immediate 
•ricinity of cerebral tumours, ^has- been regarded a 
variety of yellow softening, ^ 

^ Bed Soficning , — This is commonly a more acute affeo- 
tfon, most frequently dep^de.nt iij^n Vhscular. 
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eitter from embolism or thrombosis. There is collateral ! 
hypernomia, rupture of capillaries, and extravasation of 
blood ; the softened tissue is consequently of a deep red 
colour. These forms of softening will be described in the 
chapter on “ Embolism.” Red softening is also sometimes 
associated with the chronic white variety, some of the 
diseased vessels giving way, and thus extravasation of 
blood talcing place into , the already softened tissue. 
Lastly, red softening may be inflammatory. (See “In- 
flammation of the Brain.”) 

PATTY DKGENPKATION OP MUSCLE. 

Both striated and non-stnated muscle may be the seat 
of fatty degeneration. In the latter, the muscular fibre- 
cells are tlie seat of the change ; they become filled with 
fat granules and are ultimately destroyed. This condi- 
tion is frequently met with in the niiddle coat of arteries 
which arc undergoing fatty degeneration. 

In striated muscle — ^both in the voluntary and in the 
involuntaiy of the heart — t he fib res themselves are the 
seat of the morbid process, which consists in the conver- 
sion of the albuminous matter of which the fibVe is com- 
posed into fat. The earliest stage of the affection is 
characterised by an indistinctness in 
* the transverse markings of the fibres, 
which in many parts become studded 
with minute particles of fat. (Fig. 12.) 

These gradually increase in number 
and size, and i^re usually distributed 
somewhat irregularly within the sar- 
colemma. In some parts single rows 
of granules are found running along DeffeneratUm 

the length of thte fibre ; in others, they <if ifiaeuiar Ktiret 
are grouped around the nuclei or ar- 
ranged in tr^sverse lines correspond- vaucad. x 400 . ‘ 
ing with the striae of tlie muscle. Th8 
fibres become extremely friable, and are readily broken up 
intO'Shqiij fragmen^ts. As the process proceeds the traps- 
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verse markings entirely disappear, and notliiug but mole- 
cular fat and oil globules are seen witbin the sarcolemma. 
The sarcolemma itself may ultimately be destroyed, and 
nothing remain of the original fibre but the fatty debris 
into which its albuminous constituents have been con- 
verted. This is true fatty degeneration of muscle ; in it 
the mhscular elements are destroyed, and it thus dillers 
essentinlly from tatty mfiUrationy in which tlierc is 
simply a development of fat between the fasciculi, the 
fasciculi themselves not being primarily affected. (See 
“ Fatty Infiltration of Muscle.”) 


FA.TTY UEGENEllATJON OF THE HEART. 

It is in the heart ^hat fatty degeneration of muscle is 
most frequently met with, and here it assumes a most 
important aspect from the deleterious influence which it 
exercises upon the motor power of the organ. Tlie mus- 
cular substance may be affected throughout, or the dege- 
neration may bo confined to certain portions of it. It is 
more common in some situations than in others. The 
order of freciuency with which it occurs in different parts is, 

■ according to Dr. Quain, firstly, the left venticle; secondly, 
the right venticle; thlrtUy, the right auricle ; and fourthly, 
the left auricle. 

The wider the extent of tissue that is affected, the less 
advanced, as a rule, is the degree of the degeneration. It 
ift in those cases in which small tracts of tissue only are 
involved that the process is met within its most advanced 
stage. , ■ ’ ^ 

The consistence of the degenerated part is always 
dirninished, and its colour altered. When the change is 
1 alight, and more or less general, the muscle is sqmewhjpit 
i»oftera»(l,.ipoTe flabby than natural; it is more friable> 
4and often breaks with a soft granular fracture, . The 
icolour is uniforml 3 i rather j[)aleri and nior? ppjacnje than 
^hat of healthy cardiac tissue. ? Under the microscope tlm 
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muscular fibres are seen to bave lost tbeir striated ap- 
pearance, and to contain granules of fat. 

This diffuse form of degeneration may occur in the 
course of those diseases in which the oxidation processes 
are reduced to a minimum; in all those diseases, in short, 
which are attended by marked anaemia, whether this 
anseraia be gradually or rapidly induced. In the case from 
which the accompanying drawing was taken the degene- 
tioii was acute. (Fig. 13.) This was the case of a weakly 

Fio. 13. • 



Acutn Fatty Degeneration of Heart and of other Muscles, a. 
Heart, h. Rectus abdominis. The whole of the heart-tissue 
was affcchjd oud also the muscles in other parts of the body. 

X 400. 

young girl who was under my care suffering from slight 
valvular disease. She quickly succumbed with acute^ 
fatty degeneration of the heart and other muscles, which 
“was induced by a profuse loss of blood during a menstrual 
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period, and by inability to retain food.* In its slightest 
degrees adilFuse fatty degeneration of the heart some- 
times occurs in the course of acute febrile diseases* This 
will be again refoiTed to in the chapter treating of the 
histological changes produced by pyrexia. 

Less frequent than this diffuse and comparatively 
slight 'degree of degeneration/ affecting the whole or the 
greater part of the organ, is a condition in which, although 
perhaps the change’ may be more or less general, it is 
much more advanced in some parts than in others. In 
such cases the heart presents a mottled aj^pearance ; 
numerous opaque pile yellowish or brownish patches are ' 
seen irregularly distributed throughout its substance. 
These patches vary considerably in size and foim : they 
are mot with especially in the papillary musoles, the 
columnar carneae, and in the layers of fibres immediately 
beneath tlie endocardium. They may also occur beneath 
the pericardium, and in the deeper portions of the organ. 
They correspond with the most degenerated portions of 
the tissue. They are soft and flabby, and have a rotten 
consistence, tearing readily under the finger. Under the 
microscope, the fibres are often seen to be in an advanced 
stage of fatty degeneration; their sarcolemma contains 
large molecules of fat and oil globules, which in many 
parts have escaped and lio free amongst the surrounding 
less degenerated tissue. (Fig. 12, h.) These more localised 
degenerations Jire most common in old people, and usually 
result from imperfect sui^ply of blood duo to disease of 
the corouary blood-vessels, and not from conditions of 
general anajmia. The peripheral layers of muscular tissue 
also frequently undergo extensive fatty degeneration 
as the result of pericarditis. The connection between 
these localised degenerations and rupture and aneurism 
of the heart is well-known. 

♦ This oase is reported iu “Trans. Clinical Society, ,Lond.” 
Vob viii. Ib75 
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BROWN ATROPHY OF THR HEART. 


Closely allied to and occasionally associated with fatty 
degeneration of the heart, is the condition known as 
brown atrophy. This consists in a gradual atrophy of 
the muscular libres, .together witli the formation of 
granules of brownish-yellow or blackish pigment. 'These 
granules of pigment arc either grouped in clusters around 
the nuclei, or more generally distri- 
buted within the fibre. The fibres are « 


frequently, at the same time, the seat 
of more m' less fatty degeneratio®. 
(Fig. 11) 

Brown atropliy of the heart is rare. 
It usually occurs as a senile change, 
or as a part of general marasmus from 
other causes. It is also mot with in 
some cases of cardiac hypertrophy. It 
is more chronic in its course than 
simple fatty degeneration, and its re- 
cognition is in most cases impossible 
without the aid of the microscope. ’ 



Broion Atrophy of 
the Jhort Showing 
tin* grriuulort of pig- 
nnait ainl the atro- 
phy of th(3 iibres. 
latter have in 


some parts uuder- 

FATTY DEGENERATION OP THE KIDNEY'S, gone slight fatty mo- 

tamorphosis. ^ 400. 

Fatty degeneration of the kidneys fre- 
quently occurs as a result of inflammation of the organs. 
This secondary degeneration will be alluded to when 
treating of renal inflammations. Primary fatty degene- 
ration is much less frequent. It must be borne in mind 
that the renal epithelium very commonly contains more 
or less fat ; but it is only when this is excessive that it 
can be regai:dcd as a diseased condition. This excessive 
formation of fat in the kidney is, 1 think, less common 
than is generally supposed. It is, however, occasionally 
met with in chronic diseases, especially in pulmonary 
phthisis, if is also a result of |)oisouiiig by phos- 
phorus. 
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In simple fatty degeneration the cliange is nsnally con-* 
fined to the epithelium of the cortex. The cortex presents 
on section a somewhat yellowish-white surface, often 
slightly mottled, and tliis, in most cases, is most marked 
near the bases of the pyramids. There is no adhesion of 
the capsule or granulation of the surface. This change 
appeaVs to interfere but little, if any, witli the functions 
of the organs, and in this respect it resembles the analo- 
gous change in the liver. It is not usually accompanied 
by albuminuria. 



CHAPTER VI. 


MUCOID AND COLLOID DEGENERATION. 

CJndkk this head is included a class of morbid changes 
which are «luiracterised by a peculiar softening of the 
tissues. Colloid and mucoid degeneration have frequently 
been described under the common term of “ colloid soften- 
ings,” but, although they are very closely allied and 
sometimes associated, they appear to constitute two 
distinct processes : the farmer affecting more especially 
the cells, the latter the intercellular substance. 

Mccoii) DEGlc^’KlUTlON.— -This consists in the transfor- 
mation of the albuminoid constituents of tlie tissues into 
mucin, owing to which they become converted into a 
material of a soft, mucilaginous, jelly-like consistence. 
This is the condition of nearly all tissues in their imma- 
ture or fcntal state : the connective tissues in the foetus 
consist almost entirely of this soft muciu-yieldiiig sub- 
stance. Some tissues retain these characters .after birth. 
The umbilical cord, and the vitroQUB humour of the eye, 
are both composed of this substanep. 

A mucoid change occurs physiological process 

in the sccy.etion of mucus. The newly-formed cells 
undergo mucoid transformation, iftrhich results in their 
destruction, and the mucus is thus liberated, is con- 
sidered probable by some that the Cells may also evacuate 
the mucus without being destroyed. This process occurs 
much more rapidly in all catarrhal conditions of the^ 
mucous ihemtfran% • ' 

As ia’ pathorojw^ mu<^id degeneration f^ffects 

especially the ihterlellalar substtince. The. intercellular 
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substance of tho connective tissues in tlieir fully d< 
velopeil state coubists of gelatin and clioiidrin, and tli 
mucoid oliange is thus a reversion of Ibis bubbtaiice to it. 
fuetal coinlition. 

Alucin is closely allied to albumen, more so Iban tc 
either gelatin or clioiidrin : it dilfers from it in not con- 
taining sulphur. Like albumen, it is onJy. met with in 
alkaline iluids — being held in solution by the free alkali— 
‘from wliich it is precipitated by dilute acetic acid. It 
difters from albyraen in being insoluble in au excess of 
the acid, and also in not being preciintated liy lioiliug, 
by tannin, or by bichloride of mercury. behaviour 
witli these two reagents will also distinguish it from 
gelatin and choudrin, which are both precipitated by 
them. 

Tlip mucoid change i'. by no means a common one. It 
is iTio.st frequently met with in cartilage, especially in the 
inter- vertebral and costal cartilages of old people*. It also 
occurs in serous menihrancs, in bone, and in many of the 
new formations, especially in tlio^c of the connective 
tissue .dass. Wherever it occurs it produces softtming 
of the allected parts; which arc transformed into a homo- 
geneous, colourb'ss material, ot a soit mucilaginous 
jelly-like consihteucc. If the change is limited to isolated 
portions of the tissue, the soltened parts surrounded by, 
those which arc unaltered, often present the appearance 
of cysts. These cyst-like formations containing mucoid 
substance 'ire not uncommonly met with in tho costal 
cartilages and in new growths. 

As to the cause of the mucoid change, nothing -is 
known. 

Colloid Degeneration.— This differs from tlie former, 
inasmuSi as it is the xells which are more cspeciaHy in- 
volved in the process. 

t 'f no change consists in the metamorphosis of the aJhu- 
minoid constituents of the cells into a siibstauce known 
^ colloid material. Colloid closely resembles mucin, but 
it differs from it chemically, in conta^jiing sulphur, and in 
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not being precipitated by acetic acid. It is a colourless, 
transparent, glistening material, of the consistence of jelly 
or half-set glue. It makes its appearance within the cells 
as small lumps, which gradually increase in size, pushing 
the nucleus to one side, until they completely fill the cell. 
(Fig. 15.) The cells are thus destroyed, and converted 
into colloid jnasses. The small colloid masses -eub- 
sequently swell up, coalesce, and so 
form larger masses of firm, transpa- 
rent, yellowish, jelly-like material, 
which are readily to bo recognised by 
the naked eye. As the coUoid matter 
increases, and the cells are destroyed, 
the intercellular substance atrophies 
or softens, and in this way cyst-Hke 
cavities are formed, within which is 
contained the gelatinous substance. 

Here it may subsequently undergo a 
process of liquefaction. (See Fig. 67). 

The colloid change is most common 
in enlargements of the thyroid gland 
(goitre), in the lymphatic glands, in 
the choroid plexus, and in many of the new formations. 

’ {See “ Colloid Cancer.”) Its causes and nature are as 
obscure as those of the allied mucoid softening. 

It is when occurring in new formations that these two 
forms of degeneration assume their most ■ important 
aspects. Certain varieties of tumours may originate as 
mucoid or colloid growths, or may subsequently undergo 
these morbid transformations. The mucous tumours 
(myxomata), which resemble in structure the umbilical 
cord, consist entirely of a gelatinous mucin-yielding sub- 
stance. The sarcomata, lipomata, enchondromaia, anf 
the cancers may also become the seats of ^hese forms of 
softening. 

Such growths have sometimes been ^escribed as gela- 
tiniform or colloid cancers, this term having been applied 
them without anv refirard to their structure or real 


Fio. 15. 



Cdloid Cells, from 
a oolloid cancer 
(Rmdfleiscb.) 
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nature. Cancers, it is true, may undergo a colloid 
change (see “Colloid Cancer”); but it is by no means 
true that all tumours possessing these soft gelatiniform 
characters arc cancers. The terms ‘‘ mucoid ” or “ colloid,” 
applied to a new growth, merely imply certain physical 
and chemical characters, and convey but little informa- 
tioif as to its real nature. 

MUSCULiLa CHANGES IN TYPUOID FBVEK. 

^Allusion mifst be made here to that change met with 
in the muscles in typhoid fever, which was first described 
by Zenher, &,nd which appears to be somewhat allied to'*’ 
colloid degeneration. This change is most marked in the 
recti muscles of the abdomen, the adductors of the thigh. 

Fig. 16. 



A Portion of the Soleiia Muwhfrom a Case of Typhoid 
Fever. Preparation teAsod after treatment with Mai- 
ler’s Fluid. X 200. Reduced 

and in the diaphragm. The portions of muscle affected 
are paler than natural, of % Peddish-grey or brownish- 
yellow colour, ai^ abnormaUy friable. 1&nder the micro- 
scope, the altered fibres are much swollen, the transverse 
^triatiou is lost, and the sarcolenima is occupied by a 
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homogeneous, structureless material. This material is ex- 
ceedingly brittle, aud, ait, usually seen, presents a wrinkled 
appearance, or is broken up transversely into several irre- 
gular fragments. (Fig. 16.) The fibres are never univer- 
sally affected, but many normal are associated with the 
altered elements. This change necessarily impairs the 
contractile power of the muscle, and it often leacls to 
rupture of some of the fasciculi and hEemorrliage. The 
new material appears to be readily absorbed, and the 
lost fibres to be quickly regenerated. • 

With regard to the nature of the change but little is 
known. Although most frequent in typhoid, it occurs 
also occasionally in other severe febrile diseases. The 
transformed muscle, as already stated, appears to be 
allied to colloid. A similar change is described by Cornil 
and Ranvier as sometimes occurring in muscles in the 
neighbourhood of abscesses, of infiamed bone, and of 
tumours. 
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AMYLOID DEGENERATION. 

Amyloid degeneration, which is one of the most im- 
portant of the degenerative processes. coHsista in the 
infiltration of the tisanes with a peculiar homogeneous 
translucent substance, closely resembling albumen, by 
which their vitality becomes diminished and their func- 
tions impaired. 

It is often known as the lardaceous, or waxy change, 
the organs affected by it having somewhat the appear- 
ance of lard or wax. The term amyloid '* — which was 
applied to it by Virchow, from the supposed resemblance 
of the new material to cellulose or starch — as being that 
by which it is perhaps most generally known, is here 
adopted. 

This form of degeneration is very rarely a primary 
affection, but almost invariably occurs as the sequel of 
some other disease. It is in those diseases which are 
f X^rofuse and long-contmued suppuration, 

such as chronic diseases of bone, empyema, chronic dis- 
integrative diseases of the lungs, chronic pyelitis, and 
chronic intestinal ulceration, that the amyloid change is 
most frequently met with. It*^ also occurs in the advanced 
stages of constitutional syphilis, but especially in tbosfe 
cases in which there is chronic bone disease or chronic 
ulceration. 


Every organ and tissue may be the se^t of the change ; 
those, however, which it is especially prone to occur 
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in the stomach, in the snpra-renal capsules, in the " 
pharynx, and oesophagus, in the bladder, prostate, and 
generative organs,' in serous membranes, in the mem- 
branes of the brain and cord, and in muscle. It is rarely' 
limited to one organ, but several organs are almost in* 
variably simultaneously affected by it. 

Eespecting the nature of the new material which “infil- 
trates the tissues, the analyses of Kekuld and Schmidt 
show that it is a nitrogenous substance closely allied to 
albumen. The conclusions arrived at b}^ these observers 
are, however, not satisfactory, as they were unable com- 
pletely to ^parate the substance from the tissues in 
which it was deposited. More recently, Kiihne succeeded 
in more completely isolating it. lie submitted the 
affected organs to a' process of artificial digestion, and 
inasmuch as the amyloid substance is not dissolved by 
digestion with pepsin, it was thus obtained free from the 
tissues in which it was contained. The result of Kuhne’s 
analyses are very similar to those of Kekul<5 and Schmidt. 
Dr. Dickinson regards the new substance as fibrin de- 
prived of its alkaline salts. The investigations of Dr. 
Marcet* show that the infiltrated organs are considerably 
deficient in potash and phosphoric acid, whilst they con- 
tain an excess of soda and chlorine. In conclusion it 
may be stated that, although the precise composition of 
the amyloid substance has not yet been determined, the 
results of the several analyses appear to justify the 
opinion that it isjspme modification of fibrin. 

The most characteristic feature of the amyloid sub- 
stance is the peculiar reaction which it gives with iodine, 
and with iodine and sulphuric acid. If an aqueous 
solution of iodine — made with the help of potassium 
iodide — be applied to an amyloid organ, the affected por- 
tion changes to a deep reddish-brown colour. This is 
not peTmanei^, but gradually passes off, and the part 


“Report of Committee on Lardacoous Diseaso,” Trana. 
Rath. Soc^ Loud. 1871.* 
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regains its former appearance. If tlie application of the 
iodine be followed by the cantions addition of sulphuric 
acid, a blackish-blue or violet tint is produced. ITiis 
latter reaction, however, is not easily obtained, consi- 
derable nicety being required in the application of the 
reagents. The following is the method for obtaining it, 
recommeuded by Professor Virchow:— A dilute aqueous 
solution of iodine must be allowed to soak well into the 
tissue, the excess must be poured off, and a single drop 
of concentrated •sulphuric acid gradually added, when a 
blue or violet colour will be produced, either at once or 
after some time. In the hands of English patlfologists this 
latter reaction has certainly met with but little success ; 
and if the colour be obtained, it is by no means satis- 
factory, and more nearly resembles a black than the blue 
which has been described. Fortunately, however, the 
reaction with iodine alone js pertectly characteristic, and 
the attempt to obtain the blue by the subsequent addition 
of sulphuric acid is therefore quite unnecessary. If the 
cbjftigij is at all advanced, the reddish-brown colour will' 
be produced by merely pouring the aqueous solution of 
iodine over the cut surface of the organ ; but in slighter 
degrees of the affection, thin sections must be made with 
a.V^alentin’s knife, and well washed with w^ater to remove 
the blood, before the coloration with iodine can be ob- 
tained. 

Upon considering the above reactions, it will be seen 
that they resemble, in some respects, those exhibited 
by some well-known organic substances. Cellulose — the 
substance which forms the external membrane of vege- 
table cells — yields a blue when treated with iodine and 
sulphuric acid, and so far resembles the amyloid mate- 
rial ; but it differs in not being coloured by iodine alone. 
■The same is true of cholesterine ; this also gives a reddish- 
brown with sulphuric acid, but is not altgrod by iodine. 
^0 starchy the resefbblance is not so marked as to the two 
preoe^hg substances ; with this, iodine produces a blue 
cpl^Sv3|jthQut the addition of the ac^ ^ 
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Tho amyloid substance almost invariably makes its 
appearance first in the small arteri es, and capillu£ies. and 
subsequently extends from them to thesuiTOundmg tis-^ 
sues. The cells of the iniim a and_j af the muscular coat 
a re the first to become infilt rated, then tlie remaming 
structures oF the artery. Wt^' tte vessels have become 
infdtrated, the amyloid ma||jer extends to the immediately 
surrounding parts; it invades both the cells and the 
intercellular substance, and may gradually extend until 
the whole organ is completely impregnated. 

The changes produced in the tissues by this infiltration 
are very chafacteristic. The cells as they become filled 
with the new matoi‘ial gradually increase in size ; they / 
lose any irregularities in their contour, and become’ 
irounder and . more regular in shape; their nuclei dis-/ 
appear, and the whole cell is converted into a structure- 
less homogeneous body, which has a peculiar translucent 
glistening appearance. (Fig. 17, a.) If the cells are in 


Fio. 17. 



fJirr Cells inJiUraied with the Amyloid Substance, 
a. Singlo cpIIs, b. Colls which have coalesced 
X .300. (Rindlleisch.) 

close contact many of them may coalesce, and their dis- 
tinctive boundaries thus become obliterated.^ (Fig. 17, h.) 
The intercellular substanfee in the same way acquires a 
^homogeneous glistening appearance. The walls of the 
small Arteries — ^in which, as already stated, the change 
commences— becQjso^^nonaiderably thickened, the cells of 
the muscular coat enlarge and ultimately coalesce, the,, 
calibre of the vesseh becomes diminished, and the cir: 
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dilation throngli it is consequently impeded. (See 

19 .) 

Organs in wLicli tRis change is at all advanced, present 
features so characteristic that its nature can be readily 
recognised by the naked eye. They are usually consider- 
ably ^increased in size ; their absolute weight is increased, \ 
and also their specific gravitjjl their surface is smooth, 
and the capsule tense and stretched ; their consistence is 
firm and somewhat elastic. On section they exhibit a 
peculiar homog<hieoiis, glistening, translucent appearance, 
somewhat resembling wax or glue. Owing to the dimi- 
nished calibre of their blood-vessels and to the pressure 
exercised by the new material, they contain but little 
blood, and hence are always pale in colour. The change 
may involve the whole organ, or it may be limited to 
certain portions. In the spleen, for example, it is fre- 
quently limited to the Malpighian corpuscles ; and in the 
liver to the cells in the more immediate vicinity of the 
hepatic artery. * 

Altliough the above characters arc often sufficiently 
marked, they should always be confiimed by the applica- 
tion of iodine to the cut surface of the organ. In slighter 
degrees of the affection — when the physical characters 
are but little altered — the application of this reagent 
becomes necessary in order to discover the presence of 
the new substance. In these cases, merely pouring the 
solution over the organ will often fail to produce the 
characteristic staining ; and it will be necessary to make 
thin sections with a Valentin’s knife, and wash them 
thoroughly with water to remove the blood, before the 
reaction can be obtained. In the earliest- stages of the 
change the use of the microscope may be necessary for 
its recognition. 

The effect of amyloid degeneration is to impafr bva^ 
j^wmp^ely desti-px^^^^^ nutrition and fim^oh of^ 
%^ane which are* affected byjb. This is owing to two 
^iiumes^the obstruct offered to the circulation and the 
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direct influence of the new material upon the parenchyma 
of the organ. The obstruction to the circulation, which 
results partly from the diminution in the calibre of the 
small arteries, and partly from the general pressure 
exercised by the infiltrated substance, causes an insuffi- 
ciency in the supply of arterial blood. As a consequence 
of this, secondary atrophiqchangcs are induced in various 
parts; the cells may atrophy and undergo fatty meta- 
morphosis, which indeed is frequently associated with the 
aipyloid change. The vitality of the cellular elements 
is still further impaired by their infiltration with the new 
material, aJd thus all manifestation of their functions 
may ultimately cease. 

As this form of degeneration is almost invariably 
secondary to some grave constitutional state, it can rarely 
be looked upon as in itself a cause of death, although it 
may materially hasten, and even determine, the fatal 
termination. 

Having thus described the n§tuTe of the amyloid sub- 
stance, and the way in which it makes its appearance in 
the several tissues of an organ, it remains to consider the 
source from wliich it is derived. The disease, as already 
stated, appears to be an infiltration, and to consist in the 
deposition of a new material from the blood in the varioue 
tis8ues"^and organs. The existence, however, of any albu- 
minoid substance in the blood which resembles amyloid 
in its reaction with iodine, has never been made out, even 
in the most marked cases of the disease. This fact must 
therefore negative the supposition that it is a simple 
infiltration. If the new material bo derived from the 
blood at all, it must undergo some chemical change 
subsequently to its deposition in the tissues. Dr. Dickin- 
son considers that it is dealkalised fibrin, which is depo- 
sited in consequence of the loss of the alkali which it 
normally contains. This loss of alkali he attributes to * 
the chronic suppuration which usiAlly precedes the 
disease, pus containing large quantities of potassium and 
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sodium salts. He conseqiieutly terms the disease “ depu- 
rativG infiltration.''* Whether this bo so or no, it is 
probable that some abnormal condition of the blood is 
the cause of the disease, and that the change itself 
consists in the retention and coagulation in the tissues 
of some albuminoid substance which is derived from the 
nutrittvo fluids. The way in which the several tissues of 
an organ are affected, the change almost invariably com- 
mencing in the small nutrient blood-vessels, and extending 
from them to th» surrounding parts ; the general charac- 
ter of the affection, several organs being simultaneously 
involved; together with the fact that it i^ almost in- 
variably sccoiidary to chronic suppurative diseases or 
to syphilis — point to some alteration in the composition 
of the blood as the cause of the degeneration. 

AMYLOID DEOENEIUTION OF THE LIVER. 

The liver is one of the most frequent scats of the 
amyloid change, and her#, as in other parts, it probably 
commences in the small nutrient blood-vessels, ^though 
the alterations are much the most marked in the hepatic 
, cells, '^ejninute branches of t he hepatic artery arejfirst 
I ^Sgeted, and from these the inl&ltration gradually extend 
to the heparic cells immediately adjacent, until ultimately 
the whole organ may become involved. 

If a liver be examined in the earlier stages of the affec- 
tion, and the iodine solution applied to thin washed sec- 
tions of the organ, it will be found that the characteristic 
staining is limited to certain portions of the lobules — viz. 
to those which are situated between their external and 
t central parts. This intermediate portion corresponds 
' with the distribution of the hepatic artery, and the ramii- 
fications of this vessel together with the hepatic cells 
^situated in their vicinity are the first to become affected. 

18). As the f hango advances the whfble lobule may 


* Mip.dico-Ghirurgical Transactioiis,*’ vol. 1. 
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ultimately become involved. The alterations in the hepatic 
cells are very characteristic. They are much enlarged, 

Fig. 18. 



AmylnJ^ lAvcr, A portion of ono lobule, showing the 
enlnrgoinont and fusion of the liepStie cells, and the greater 
implicaiiou of the intermediate zone of the lobule. At tho 
more extf'rual portion of tho lobiilo are seen several fat 
cells, a cortaiii amount of fatty inliltration being associated 
witli the amyloid change, v, Heijatic vein, x 100. 

irregular in outline, their nuclei are imperceptible, and 
many of them are fused together into irregular-shaped 
masses. (See Fig. 17.) 

The earliest seat of the amyloid change thns differs 
from that of the fatty. In fatty infiltration it is’the most 
external portion of the lo'BnTe'^iii' Which' the'fat first acen- 
iijiy^te.s — that which corresponds with tlie distribution of 
the^'portal vein. (See Fig, 8.) It differs also from that 
pigmentation of the hepatic cells resulting from me- 
chanical congestion, which takep place in the most central 
portion, around the hepatic vein. (See ‘•‘ Nutmeg Liver.”) 
Thus in each hepatic lobule three zones may bo distin- 
guished : — an external, one, which is the chief seat, of 
the fatty change; IT oenWl one, which is the chief s^t 
oFthe pijgjientary c^^nge ; and an intemetote one, which 
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is the chief seat of the amyloid change. These three 
zones, indeed, may frequently bo recognised by the naked 
eye, the pale opaque external one contrasting strongly 
with the intermediate one, which is translucent, and with 
tho darker central one. In the most advanced stages 
of the disease, however,* both the external and central 
portJbns of the lobule may become involved, and the 
cut surface present an almost uniformly homogeneous 
appearance. 

The amyloid diver is increased in size, often very con- 
siderably so *, it may be so large as almost completely to 
fill the abdominal cavity. The enlargement is uniform, 
and hence the natural configuration of the organ is but 
little altered. Its weight is increased, and also its sp^bijBc 
gravity. Its edge is rounded, the surface is smooth, and 
the capsuje appears tense and stretched. The consistence 
is firm and elastic. The cut surface is ^ry, bloodless, 
smooth, translucent, and waxy -looking, and of pale 
reddish-grey or dirty yellow colour. If the change is very 
far advanced, the tissue may be perfectly homogeneous, 
all distinction between the individual lobules being lost. 
In other cases the lobules are distinctly mapped out; 
they are enlarged, and the external zone m^ be of an 
opaque, yellowish-while colour, owing to the presence of 
fat. This association of the fatty and amyloid changes* is 
exceedingly common. Amyloid infiltration does not ob- 
struct the portal circulation, and hence docs not cause 
ascites. It impairs the vitality of the hepatic cells, and 
thus interferes with the functions of the organ.* 

AMYLOID DEGENEEATION OF TUB KIDNEYS. 

The kidneys are very liable to be involved in the amy-^ 
loid change, an^erfiAis the smaller blood. ivhiVb ' 
are more e^ecially affecitfid. It may constitute in them 
the primary lesion, or it may occur subsequently to in- 
‘ flammatory conditions implicating tho secreting and inter- 
stitial Btrnctnres. As a primary change it is an important 
vturiaty Briglit's disease. 
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The process commences in the^ tuf ts of vessels which 
f orni jyhe^ Malj)i^ bodies, the walls of which become 
thickened by the inifltration of the new material, so that 
the tiifts ,are increased in size. It then proceeds to the 
sma ll afferent arterie s, a nd ultim ately to the vasa jsffe- 
re^i^ and t o the art eriplae rec^ which run through the 
medullary portion of the organ. Ibe changes produced 
in the vessels are, very characteristic. Their walls are con- 
sidera bly- thickened., and their calibre Ts so much dimi- 
nished that the smallest ones cannqjb be arliHcally 


Fig. 19. 



Anitfloid J)€ffmpration of a Malpighian Thtfi ami small 
Artvrg qftJip Kidneg. Showing the thickening of the walls 
of the vessel, the cniargeraeut of tlie cells of the circular 
muscular coat, and the homogeneous layer formed by the 
iutima and longitudinal muscular fibres, x 200, reduced 


^gfected* . This thickening of the walls of the vessels is 
mjaiuly owing to alterations in^th^^ coat, and 

especially to the cells of the circular muscular layer. 
These cells are much increased in size, they are more or 
less globular in shape, and many of them have lost their< 
distinctive ou&nes. The longitudinal iiuscular fibres and 
the most internal coat of the vessel are often seen as one 
homogeneous, glis^ning, structureless layer. (Fig. 19.) 
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After the vessels have become infiltrated, and before 
those in the pyramids are affected, the deposition extends 
to the intertnbular tissues of the cortex, into wliicK ^He 
amyloid 'substance is poured, 

feri in its course. In some parts it appears that the 
exudation takes phice i»to the tubes themselves, as the 
casts which they contain are occasionally doepdy stained 
by the iodine solution : this, however, is far from being 
frequently the case. In the earlier stages of the process — 
if the organ is ^lot the scat of any other morbid change — 
the tubes and their lining epithelium present a perfectly 
natural appearance. Many of them contain pale hyaline 
casts, which also appear in the urine* These, however, 
are probably simply exudation 2)roducts ; although from 
the reaction they occasionally exhibit, it appears that 
they sometimes consist of the same material as that 
which permeates the vessels and intertubular sti-ucturcs. 
As the change proceeds, and the new material increases 
in amount, the tubes become compressed, and in many 
places completely obstructed. If the compression is not 
uniform, they may dilate and form small cysts. The 
ei)ithelium, which was at first normal, owing to the in- 
terference with its nutrition, ultimately atrophies and 
undergoes fatty changes. In some cases it appears to be 
the seat of a catarrhal process, and the tubes are found 
blocked with the epithelial products. In the later stages 
of the process there is almost invariably an increase in 
the intertubular connective tissue. 

The first effect of this change is to obstruct the circu- 
lation in the cortex. The blood-vessels, diminished in 
calibre, allow little but the liquor sanguinis to pass 
through them, the passage of the blood-corpuscles being 
to a gi-eat extent prevented: hence the pallor of this 
portion -of the organ. The arterial walls are so altered 


apd readily permeate Jbhem ; and 

thus is produced the krge, quantity of foaded with 

which characterises the earlier stages of this 
As the infiltration incites, and the tubes 
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become obstructed, the urine diminishes in quantity. The 
excretion of urea is less interfered with than in other 
forms of Brijrht’s disease, and hence symptoms due to its 
retention seldom occur. Tube casts afe rarely numerous ; 
they are for the most part hyaline or liiiely granular, 
though sometimes they are covered with fatty epithelium. 

In thfe earlier stages of the affection, the cortex of the 
kidney is merely rather ^paler thalfMiatural, and i^erhaps 
somewhat ffEmer* in^ COnsisteuQq; but otherwise it pre- 
sents no abuormal appearance. It is only upon the appli- 
cation of iodine to the cut surface, or to thin wasned 
sections of the organ, that its diseased condition becomes 
^evident. When this tost is employed, the Malpighian 
bodies at once become apparent as minute red points 
scattered through the cortex. As the disease advances, 
the size of the organ increases ; the enlargement, how- 
ever, is principally confined to the cortex. The surface is 
smooth, and the capsule separates readily. The enlarged 
cortex is remarkably pale and anmmic, and has a peculiar 
translucent, homogeneous, wax-like appearance. Its con- 
sistence is hard and firm. A few scattered vessels may 
be seen on the surface, and the bases of the pyramids 
sometimes exhibit an increased amount of vascularity. 
If iodine be poured over the cut surface, the Malpighian 
bodies and the arteries of the cortex become mapped out 
almost as clearly as in an artificial injection. The enlarged 
Malpighian bodies may indeed usua% bo seen as glisten- 
ing points before the iodine is applied, frequently, the 
homogeneous appearance of the cortex is interrupted by 
minute, opaque, yellowish<-white lines and markings; 
these are produced by the fatty changes in the epithelium 
of the tubes, which so commonly occur in the later stages 
of the affection. Ultimately the capsule becomes more*, 
ur less adherent, and slight irregular depressions make 
their appearance upon the surfjace of the organ ; the ' 
latter are due to atrophic changes in j|ome of the tubes. 
If^ as is usually the case, the infiltration is associated 
with an increase in J^e intertubular connective tissue, the 
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atrophy of the organ will be more marked. (See “ Inter- 
stitial Nephritis.’*) 

AMTLOID DEGENEUATION OF THE SPLEEN. 

Amyloid degeneration of the spleen is met with in two 
-forms— one in which the disease is limited to the Mal- 
pighian corpuscles (** Sago Spleen’*), and the ‘other in 
which the pulp appears to be chiefly implicated. The 
former is much the more common condition. In it the 
Malpighian coispnscles become infiltrated with the amyloid 
substance and converted into translucent wax-like bodies, 
much like boiled sago; hence its name. '^•The process 
commences in the small arteries of the corpuscle, and it is 
only after these have become infiltrated that it extends to 
the corpuscles themselves. The small lymphatic cells of 
whicli the. corpuscle is made up are then involved in the 
process, they increase in size, become more irregular 
in outline, many of them coalesce, and ultimately the 
whole is converted into a pale, firm, translucent, glistening 
mass, (Fig. 20.) 

Fig. 20. 



Amyloid Vef/enemtion of the SpUen — “ l^o Spken." A 
portion of one of tho iuhitrat.ed Mai pighiim corpuscles a, 

’ JwitljL the adjiicoiit normal spleiSic tissue h. Showing the 
increase in size and, in many parts, the cualescerico of the 
cells^ of which the corpuscle is composed, x 2U0. 

, The sago spleen is its weight 

vjtnd density are also increased. The cut surface is smooth, 
diyy and studded all over with smal^ glistening sagodike 



AMYLOID DEGENERATION. 


81 


bodies, varying in size from a millet to a hemp-seed, 
which are stained a reddish-brown colour by the iodine 
solution. These may become so large as to occui)y a 
large portion of the organ, although in earlier stages of 
the affection they are so minute that they can only be 
seen in thin sections of the tissue. 

In the other variety of amyloid spleen, the pulpy paren- 
chyma betwee^thfiLCQxpuscles is infiltrated with the new 
mated al. This is probably merely an advanced stage of 
the former condition, in which the disease extends from 
the corpuscles to the surrounding pulp; tiiei^ whole organ 
being ultim?i;ely involved. Under these circumstances 
the organ often attains a considerable size, much larger 
than is met with in the sago spleen. It is remarkably 
hard and firm, and the capsule is tense and transparent. 
On section it presents a dry, homogeneous, translucent, 
bloodless surface, of a uniform dark reddish-brown colour. 
Thin sections can be readily made with a knife, the organ 
cutting like soft wax. The corpuscles are not visible as 
in the former variety, being probably obscured by the 
surrounding pulp, which has become so densely infiltrated 
with the amyloid substance. 

AMYLOID DEGENERATION OF LYMPHATIC GLANDS, 

In the lymphatic glands the process much resembles 
that in the spleen. The small arte ries in c onnection with 
the follicles of the gland are tEe earliest seats of the 
change ; and from these it extends to the lymphoid cells. 
The follicle thus becomes ultimately converted into a 
small homogeneous mass. 

The glands are enlarged, and on section the minute 
wax-like bodies can often be seen scattered through 
the cortex. The cut surface is smooth, pale, and trans- 
lucent. 

As these glaii^is are largely concenied| in the formation 
of the blood-corpuscles, their implication in the amyloid 
change must to a large extent aid in producing the 

G 
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emaciation and anasmia wliich characterise this- aiFection. 
The same is true of the spleen, which is usually 
simultaneously involved. 

AMYLOID DEGENERATION QF THE ALIMENTARY CANAL. 

The whole of the alimentary tract may be the seat of 
the hmyloid change, and here it assumes an important 
asjDect from the deleterious influence which it exercises 
upon the al^orbent and secreting processes, and from the 
conse([uent impairment of tjie general nutrition which 
results. The disease, however, in this situation is very apt 
to escape observation, as it produces but liftle alteration 
in the appearance of the parts. The mucous membrane 
may look somewhat pale, translucent, and oodematous, 
but otherwise to the naked eye nothing is discoverable. 
It is only u])on the application of iodine to the washed 
mucous surfaces that the nature of the change becomes 
apparent. In the small intestine — which is perhaps the 
part most commonly affected — the effect of the applica- 
tion of iodine is very characteristic. A number of small 
reddish-brown i)oint8 appear over the whole surface of 
the membiuno ; these correspond to the intestinal villi, 
the arteries and capillaries of which arc infiltrated with 
the amyloid substance. In the stomach and aisophagus 
the vessels are mapped out in a similar manner by the 
iodine solution. The change in the intestine gives rise 
to serous diarrhoea, this being probably due to an in- 
creased permeability of the infiltrated walls of the vessels. 

THE CORPORA AMYLACBA. 

T’he corpora amylacea or “amyloid bodies,” so fre- 
quently met with in the neirous system, in. t he, p rostate, 
and in other parts, have usually been looked upon as more 
or less allied to the amyloid substance ; tliero appears, 
however, with th<| exception of a certain sftnilarity in their 
behaviour with iodine and sulphuric , acid, to be no con- 
nection between them. 
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They are round or oval bodies, formed of a succession 
centric lay ers, and are often changed to a deep blue 
iodine, thus bearing both in their structure and 
chemical properties the strongest resemblance to granules 
of vegetable starch. (Fig. 21.) Sometimes, however, 
the blue is only exhibited ^ *, 

after the subsequent addi- lio. 2L. • 


tion of sulphuric acid, and 
thus a resemblance is shown 
to the amyloid substance. 
They vary in size from mi- 
croscopic granules, to bodies 
which arc distinctly visible 
to the nokod eye ; sometimes 
being as much as one or two 



Corpora Amyfaova* I'rooi the 
l*ro^tate. (^Vhi-lioAV.) 


lines in diameter. The larger ones are usually formed by 
the conglomeration of the smaller granules, whicli are 
often enclosed by a common envelope. 

They_gccur especially ill conditions of atrophy or 
softening of the nervous system; t he epen dyma of the 
ventricles, t he whit e, substance of the brain, tlii^jchproid 
plexus, the optic nerve and retina, and "the spinal QQrd, 
being their favourite scats. The larger forms are met 
with most frequently in the prostate. The prostate of 
nearly every adult contains some of these bodies ; and 
they may accumulate here to such an ^tent as to form 
large concretions. They arc occasionally met with in the 


lungs, and in mucous and serous membranes. 


As has been said, they usually exhibit a bright blue 
colour upon the application of iodine alone, although in 


some cases not until the subsequent addition^f sulphuric 
acid. Many of them, however, are coloured green, or 
even brown by these reagents. The green is due to their 
admixture with hitrpgcnous matters, which give a yellow 
' colour with iocjine, au<i hence the combination yields a * 
green. The greater the amount of nArogenous matter 
the more brown does the colour become. 


From the laminiyued structure of these bodies they 

g3 
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would appear to be formed by the gradual precipitation 
of some material, layer by layer, upon the surface of 
pre-existing particles. The nature of the material, how- 
ever, does not appear to resemble that of the substance 
which infiltrates the organs in amyloid degeneration. 
T’he two processes are so essentially different, both in the 
circufhstahces under which they occur and in the cha- 
racters and seat of the morbid products, that they cannot 
be looked upon as in any 'way analogous. Amyloid 
degeneration isc a gene ral chsinge, in which numerous 
organs become infiltrated with an albuminoid substance, 
whereas the formation of the corpora am3^acea is evi- 
dently of a iQ^al nature. .The latter is often preceded 
by those local atrophic changes associated with advanced 
life, and appears to consist in the deposition of some 
starch-like material, probably liberated in the tissues 
themselves, upon any free body which may exist in its 
vicinity. 

The corpora amylacea, especially those occurring in 
the choroid plexus and in the lateral ventricles, are very 
liable to become calcified, and they then constitute one 
^ form of “ brain sand,” which is so often met with in these 
situations. 



CHAPTER VIIT. 

C ALCABEOUS*" DEGENEEATION. 

Calcaheods Degeneration — or, as it is more commonly 
called, OaUHjicaiion — consists in tlie.iiUllt.ratioa of the 
tisanes with calcareous particles. Physiologicall 5 % an iu- 
hltration of calcareous particles takes place in the forma- 
tion of* bone, in wliich lime and magnesian salts are depo- 
sited iii.the fibroua or cartilaginous matrix. This physio- 
logical is precisely similar to the pathological process. It 
is iraportatit, however, to distinguish simple calcification 
from ossification. In the latter there is not only a depo- 1 
sition of lime salts, but an active change in the tissue ’ 
itself — a ^oHeratipn of the cellular elements, an intipiate 
ijnion of the calcareous matters with the tissue, and the 
formation of a true osseous structure in which the cal- 
careous particles are not visible. Calcification, on the^ 
other hand, is a purely ^passive process, there, is pp in- 
creased nutritive activity of the part, ho multiplication 
of elements, no alteration of the structure, but merely an 
infiltration with calcareous particles. 

An infiltration and deposition of calcareous substauces 
occurs under two opposite condStions ; one— in which 
there is an absolute incase in the amonn^'of these con-i 
stituents in thehlood, portion of the excess becomes^ 
deposited in the tissues j the other — in which there is no j 
^noh increase; but the deposition takes place owing to 
some ajterat^n in the tissue itself. 

An absolute increase of the saline ^constituents in the 
blood, and the deposition of the excess in the tissues, is 
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mucli the less frequent form of calcification. It occurs in 
some forms of softening of hone, especially, in extensive 
caries and osteomalacia. In these diseases the lime salts 
arc removed TrbiiV’tlie hone, returned into the hlood, and 
some of them deposited in other tissues. In such cases 
the calcification is usaall3' more or less general — many 
organs hoiiig simultaneously involved. In osteomalacia, 
it is not uncommon to find the kidneys, the lungs, the 
stomach, the intestines, and even the dura mater and 
liver, infiltrated i.o a greater or loss extent with lime salts. 
The deposition commences in the tissue immediately 
surrounding the blood-vessels from which tlfe calcareous 
matters are derived ; — thus, in the lungs, the seat of the 
change is the interlobular tissue ; in the stomach, tho 
stroma between the glands ; and in the kidney, the tubuli 
uriniferi and tlie intertubular tissue. Precisely analogous 
to this form of calcification is the deposition of 'the 
excess of nrate of soda which takes place in gout. 

In the great majority of cases, however, calcification is 
a local change, depending not upon any alteration in the 
composition of the blood, but changes in the tissues 
themselves, owing to .which some of tho salme matters 
which are normally held in solution in the blood are de- 
posited in them. T'he alteration in the tissues consists 
in some impainnent of their nutrition, associated with, a 
diminution in their ampuni^^^^ a retar^tion^ 

its circulation. All those conditions wEicET tend to prot 
duce atrophic and retrogressive changes in a part, and at 
the same time to interfere with the circulation in it, are 
I liable to Be foUoVed'^y its calcification. Inflammation, 

' diminished nutritive supply* smd general impairment of 
I vitality, may all of them givo*se to this process. This 
is seen in the calcification of atheromatous arteries, of 
caseous masses in the lungs and lymphatic glands, of 
^any new formations, and of the blood-vej98el8 and car- 
tilages in old peopJe. . In its morbid antecedents .calcifi- 
cation thus somewhat resembles fatty degeneration, and 
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its pathological signification is in many cases equally diffi- 
cult to deteminc. Patty degeneration indeed very fre- 
quently precedes the calcification, which is merely a later 
stage of the retrograde process. 

Respecting the cause of the deposition of the calca-’ 
•reous substances in the atrophied structures — it is pro- > 
bably partly owing, as stated by Rindfieisch, tb the | 
s Wnation o f ,thn.Jiuij:iti^^ fluids in the part, owing to | 
wmch the free carbonic acid which appears to hold the \ 
salts in solution, escapes, and they a»c consequently I 
precipitated; and partly to the non-assimilation of these 
i^iSs by theMegcnerated elements of the, tissue. 

The calcareous particles make their appearance bothj 
within the cells and in the intercellular substance ; they? 
are much more frequent, however, in the latter situation. 
They are seen at first as fine molecules scattered irregu- 
larly through the intercellular substance. (Pig. 22.) 

■Pif» 22. 



j 4 Calc\M Sarcmiatom Tumour. |kowiTig the 
minntft calcaroous pavticlos scattered td rough ibe 
intorcoHiilar substance. To the left of the figure 
they are so abundant -Its to almost completely ob- 
scure tho colls. X 2U0. 

They are characterised, whbn viewed by transmitted 
light, by their opacity, dark black colour, and irregular < 
outline, and Sso by. their solubility ftn dilute mineral 
acids. They gradually increase in number until ulti- 
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matoly large tracts of tissue may be converted into an 
opaque calcareous mass, in which the cells are enclosed 
and can no longer be recognised. These larger masses 
have a sharp black irregiilar^outline, and as the calcifica- 
tion becomes complete, acquire a homogeneous, -glistening, 
semi-transparent appearance. The cells themselves are* 
mucK less frequently infiltrated, being usually merely 
enclosed and obscured by the calcified intercellular sub- 
stance. Calcareous particles may, however, make their 
appearance in «the protoplasm, and gradually increas- 
ing convert the cell into a homogeneous calcareous 
body. * 

t The calcareous matters consist for the most part of 
\ l ime a n<^magne8ian salts^ e^ecially tbe p|iosphaic&JLnd 
Ic^l^nates. If the latter are present, the addition of a 
little dilute hydrochloric acid is followed by tbe appear- 
ance of numerons minute air bubbles in the tissue, owing 
to the liboiution of carbonic acid. In those cases in which 
calcification is associated with retained gland secretions, 
the calcareous matters will consist of the specific gland 
salts. 

A part which has become calcified undergoes no 
further^ change, its vitality is completely destroyed, and 
it remains as an inert mass. In this respect calcareous 
diflfers from fatty degeneration. In the latter, subsequent 
changes invariably take place; tbe part, either softening, 
caseating, or becoming the seat of calcification itself. It 
differs also in its effect upon the tissue. The structure 
of the affected part is not destroyed, and there is no 
annihilation of nistplogical elements, such as occurs in 
fatty degeneration. The tissue is simply impregnated 
with calcareous matters, which have no other effect upon 
it than to render it inert ; its vitality is destroyed, but its 
structure — in so far as the calcification is concerned — 
^remains unalterecL If the saline matter® are dissolved 
out with a little dilute mineral acid, the structure of the 
part may be again recognised, unless, indeed-ras is so 
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often the case— it has been destroyed by any antecedent 
chanji^e. 

Calcification must thus be looked upon in many cases 
as a salutary lesion, the impregnation with calcareous 
matters preventing subsequent changes in the part. This 
is especially the case when it is secondary to other forms 
of degeneration. It is often the most favourable fermi- 
nation of the large class of fatty changes, as is exempli- 
fied by the calcification of caseous products in the lungs, 
and of many new formations. It may, c^uthe other hand, 
under certain circumstances, be attended with most dele- 
terious consequences, as is the case when it affects the 
arterial system. 


‘ CALCIFICATION OF AllTERIES. 

> Calcification of arteries, like fatty degeneration, may 
be a p'irmry or secondary affection. As a secondary 
change it constitutes one of the terminations of the athe- 
romatous process, and as such is constantly met with in 


the aor^ and its branches^ and in many other situations. 
(See “Atheroma.”) 


Primary calcification is much less frequent than that 
which occurs in atheromatous vessels. It is essentially a 


senile change, and is the result of tliat general impair- 
ment of vitality which exists in advanced life. It is asso- 


ciated with atrpphy of the arterial tissues, and in some 
cases with fatty degeneration. As it is greatly dependent 


upon general malnutrition, the change is a more or kss 
general one, and when occurring in one part is, met with 
in others. It usually occurs in vessels of medium size, 


the arteries of the upp er and lower extreprities^aM o.C.thp 
brain being thos e most cqmmpjdy affect^. Its most 
dommon seat'is^ ijie middle coa t, where it commences in 
the muscular-fibre cells. The calcareous particles make 
their appearai^pe at first around and within the nucleus, * 
and gradually increase until they fill xhe cell, which be- 
comes converted into a small calcareous flake. The pro- 
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cess may go on until the lunscular coat is completely 
calcified, or it may be limited to isolated portions of the 
coat, giving rise to numerous calcareous rings and plates 
wliicli arc irregularly distrihfcited throughout it. From 
the muscular, it may extend to the external and in- 
ternal coats until ultimately the vessel becomes calcified 
throilghout. 

The vessel thus calcified, loses its elasticity and con- 
tractility; its lumen is diminished, and it is transformed 
into a. hard, rigid, brittle tube. This condition is common 
in the exteiipal iliac and in the vessels of the lower ex- 
tremity, where it is a frequent cause of sei/ile gangrene. 
(See “ Senile Gangrene.”) 



CHAPTER IX. 


PIGMENTARY DEGENERATION. 

Pigmentary Degeneration, or Pigmentation, .^onsists in 
an abnormal •formation of pigment in the tissues. All 
true pigments are derived from the colouring matter of 
the blood. PTiysibTogTcaTIy^ many of "them are eliminated 
by the kidneys and liver; others are deposited in the 
tissues and there remain parnianent. The choroid coat 
of tiie eye and the skin of the negro, are well-known 
examples of tissues in which there is this permanent 
accumulation of pigment. The cells in these situations 
appear to bo endued with, a special power to abstract the 
cojpuring matters from the blood, and to store tlicm up 
in their interior, where they undergo certain chemical 
changes and become converted into pigment. 

In the pathological process also, the pigment is derived 
from the same source, although its presence in the tissues ’ 
is rarely dependent upon any abnormal secreting powers 
in their cellular elements, but is usmilly the result of 
certain changes in the circulation ot in blood-vessels, 
owing to which the colouring matter o? t£e lilood escapes 
and infiltrates the surrounding parts. This escape of 
hmmoglobin may bo owing to raptur e of the vessel^- 
themselves, or tojppj^itions of c^^stion ,or stasis in 
which the blood-corpuscles and liquor sanguinis pass 
through their walls. In either case the hgmaoglobin will 
permeate the ^sues' and ultimately be converted into 
pigment. Enpturo of the ye^els and trfe d^ extiuya^ 
sation'^of blo^7^®» libwever, the most common antecedenl 
"oF entary change. Soon after the extravasation 
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has taken place, the haemoglohin escapes from the red 
blood-corpuscles, either by exudation or by destruction 
of the corpuscle, and mixed with the liquor sanguinis, 
inliltratcs the surrounding tissues. The red blood-cor- 
puscles themselves may also penetrate the adjacent cells 
(Langhans). In other cases the process takes place with- 
out *any solution of continuity in the walls of the vessel. 
This frequently occurs in conditions of inflammatory 
stasis and mechanical congestion, in which the red cor- 
puscles pass through the walls of the capillaries, and 
some of tlie hmmoglobin is also liberated from the cor- 
puscles within the vessels, from which it transudes, dis- 
solved in the liquor sanguinis, without rupture having 
taken place. In whichever of these ways the haemoglobin 
is derived, it infiltrates the tissues, staining both the cells 
and the intercellular substance a yellowish or brownish- 
red colour. It is taken up, however, more readily by 
the cells than by the intercellular substance or by mem- 
branous or fibrous structures. 

After the haemoglobin has remained in the tissue for 
some length of time, it undergoes certain changes i—Jt 
: becomes darker and more or less g ranuja^ minute red- 
* dish-brown or black granules and crystals make their 
: appearance both in the cells and in the intercellular sub- 
. stance, and these may gradually increase and form larger 
, masses. This change in the extravasated haemoglobin is 
a chemical one, and the substance into which it is con- 
verted is henmatoidin. Hmmatoidin appears to be closely 
allied to tlie colouring matter of the bile, cJiolepywhin, 
which is also a derivative of haemoglobin. It exhibits 
similar reactions when treated with concentrated mineral 
acids, displaying the same variations of green, blue, rose, 
and yellow colours. It is insoluble in water, alcohol, 
ether, and in dilute' mineral acids and alkalies ; it is 
soluble in the caustic alkalies giving red colour. It 
contains more, carbon than heemoglobin; and it also con- 
tains iron. . * 

TheTgranules of hmmatoidin vary in sizig from the 
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smallest particles to masses as large as a red blood-cor- 
puscle. (Fig. 23.) The larger ones are round, or more 
commonly irregular in shape, and have a sharp defined 
border. Their colour varies from yellow, red, and brown, 
to black. These variations appear to depend upon the 
age of the granules and the tissue in which they are 
formed; the older they are the blacker they become. 
The smaller granules are usually dull and opaque ; the 
larger ones, however, often present a more or less glisten- 
ing appearance. The crystals of hmmato^din are opaque 
rhombic prisms, usually of a beautiful yellowish- red or 
ruby-red colour, sometimes approaching to brown or 

Fig. 23 Fxo. 24. 



Cdh emtawinft pigijfwDt. JlamifoUlm crffdals. 

From u niola lu )t i c wi ivuma ( V irchow.) 

of the liver, x jO. 


black. They may also occur as little plates and fine 
needles, but these are less common forms. (Fig. 24.) They 
are in most cases so small that considerable care is re- 
quired to recognise their crystalline nature under the 
microscope, and they may easily be overlooked as merely 
irregular granular masses. . In some cases, however, they 
attain a larger size. They are more or less transparent, 
and present a shining strongly refracting surface. 

Whether the heemoglobin is converted into granular or 
crystalline hmmatoidin appears partly to depend upon 
the tissue in wfcch it is situated, the Crystals being ex- 
•ceedingly common in some situations, as in tlie ^aiuiind 
OTQ;iioS]| whereas in others, as mucous membranes, only 
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the grannies are met with. Both the grannies and 
crystals are characterised by their durability and by their 
great powers of resistance; when once formed they 
undergo no further change. 

Those forms of pigment — both granular and crystal- 
line — which are of an intensely black colour, have been 
supf^o^d to consist of a substance which differs in che- 
mical composition from hmmatoidin, and which has been 
called mHiinhi. There appears, however, to bo no foun- 
dation for such a distinction. Melanin is probably merely 
haomatoidiii, which has become more or less altered by 
age. It is endued with greater powers of resistance, being 
'less readily soluble in reagents than the more recently 
formed hminatoidin, and it contains more carbon. 

ijjgmentation, although one of the most common and 
universal forms of degeneration, is of comparatively little 
importance as a morbid process. The mere existence of 
pigment within and between the histological elements of 
the tissues, has in itself but little influence upon their 
vitality and functions. The atrophy and impairment of 
function which so frequently accompany it, must rather 
be looked upon as the result of those conditions upon 
which the formation of the pigment depends, than as in 
any way ov/iiig to the presence of the pigment itself. 

As evidence of c»ther antecedent conditions, pigmentation 
assumes a more important aspect. ‘ The pigment being 
derived from extravasated hmmoglobin, in whatever situa- 
tions it occurs, it is usually to be looked upon as the result 
of^^ouMJ-ftlteratiou in the circulation or in the blood-vessels, 
owing to which the escape of the colouring matter is per- 
mitted. Exceptions to this exist, however, in the case of 
certain pigmented new formations, in which the presence 
of the pigment appears to be mainly owing to the selective 
power of the cells ; these, like those of the choroid, sepa- 
rating the colouring matter from the bhjpd. It is those 
growths which <^*iginate in tissues normally containing 
pigment, as the choroid* and rete mucosttm, which ar^ 
most frequently melanotip. (See “ Melanotic Sarcoma.”) 
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In Melanaeinia, again, the largo quantities of pigment 
which exist in the blood, are the result of a local formation 
— ^for ,the most part by the spleen. Lastly, in Addison’s 
disease, the pathology of the pigmentation of the skin is 
at present involved in obscurity. 

Pigment is often the only evidence of a fomer ex- 
travasation. This is frequently the case in <fcei^bral 
hfBmorrhage, where tl^ crystals of hmmatoidin may be 
all that remains to indicate that rupture of the capillaries 
has taken place. In the ovyios, also, tli^ slight haemor- 
rhage which follows the escape of the ovunj at eacli men- 
strual period^ is marked by tho formation of pigment 
which constitutes the “ corpus liiteum.” in mechanical 
congestion and inflammation, again, the consequent pig- 
mentation may he the principal evidence of the fij^mer 
existence of these conditions : this is especially seen in 
pigmentation of tho mucous membrane of the stomach 
and intestines. The formation of pigment is thus, with 
the few exceptions above named, the result of some ante- 
cedent change in the blood-vessels or circulation ; and its 
presence in the tissues appears to he little more than a 
testimony to the existence of those processes upon which 
its formation depends. 

False Pigaientation. — ^Tbeife are certain forms of dis- 
coloration of the tissues which are not due to the presence 
of haematoidin ; these must be distinguished from true 
pigmentation. The most important of them, and that 
which is most closely allied to tho pi’occss already de- 
scribed, is the staining of the tissues with the colouring 
matter of the bile, which is itself a derivative of haemo- 
globin, and is, as before stated, very analogous to haema- 
toidin. This yellow staining may affect nearly all the 
tissues, constituting “jaundice;” or it%nay occur in the 
liver alone, from local obstructions to the small bilc-ducts, 
as is often seen in cirrhosis of that organ. In these cases, ' 
however, there merely the staining ^ the tissues with 
lithe colouring matter of the bile, and no subsequent con- 
version of this into pigment. 



96 


XUTTvITION IMPAIRED. 


The discoloration caused by the long-continued use of 
the salts of silver must also be distingnishcil from true 
pigmentation : the colour here is due to the deposition. of 
the silver in the tissues. The black colour of gangrenous 
parts, and that sometimes produced by the effusion of 
large quantities ()f blood into the tissues, must again not 
be confiunded with pigmentation. The discoloration in 
these cases is the result of the action of the sulphuretted 
hydrogen upon the colouring- matter of the blood. The 
greenish-black ^iscoloratioUj^so often seen on the surface 
of the liver, kidneys, and other abdominal organs after 
death, is in tfle same manner due to the intestinal gases. 
Lastly, the minute particles of inhaled carbon which are 


always met with in the lungs, must be distinguished from 


true figment. 




PIGMENTATION OP THE LUNpS. 


In no organs is pigment met with so frequently an^ in 
such large quantities as in the lungs, and here much dis- 
cussion has arisen as to its nature and origin. The lungs 
normally contain more or less black pigment, the amount 
of which gradually increases with advancing age — the 
lungs of infants and young children being almost free 
from it, whereas those of adults invariably contain it in 
considerable quantities. 

This normal pigmentation of the lungs is principally 
due to the pres?o nee jpf carbon, and not to that of true 
hsematoidin-pigment. The carbon — which Werived from 
the incomplete combustion of wood, coal, and other sub- 
stances, and is always present in varying quantities in 
the atmosphere — ^is inhaled, and t^jminute particles pass 
into tlie finest bronchial tubes. Ilaving entereH 'the ' 
Brbncliir many of them are taken up by the mucus- 
corpuscles, where they may be seen as small black ^a- 
nules within the cells. These may readily be observed 
in the celb of th^greyish-black sputum ^hich is so fre- 
quently expectorated in the early morning* Much of the 
carbon thus inhaled is eliminated by expectoration ; many 
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of the particles, however, pass into tJie air- vesicles, and 
here their removal by this means bei 4 g less readily 
effected, they gradually penetrate the pulmonary sub- 
stance, and make their way into the alveolar walls and 
interlobular tissue. It is in these situations that most 
of the pulmonary pigment is found, and there it may be 
seen either within the connective tissue-cells, 0 |? lying 
free amongst the fibres. (Fig. 25.) 

Fig. 25. 



Pigmentation of the Lung, From a woman, st« sixty-iive, with 
slight emphysema. Showing tho sitnation of the pigment in tho 
alveolar walls, and around the blood-vessel v. x 75. 

The means by which the particles of carbon penetrate 
the walls of the air-vesicles, and make their way into the 
inter- alveolar tissue, has recently been explained by the 
researches of Dr. Klein on the histology of the lungs.* 
Dr. Klein finds that the branched connective-tissue cells 
of the alveolar walls send a process, or a greater or less 
portibn of their body, between the epithelial cells of the 
alveolus into the alveolar cavity. As these cpnnective- 

♦ “ On the Anatomy of tho Lymphatic System of the Lungs,’* by 
Dr. E. Klein. I^roccedings Royal Society,” No. 149. 1874. 



98 


NUTEITION IMPAIEED. 


tissue cells lie in the serous canals which constitute the 
commencement of the perivascular lymphatics, it is easy 
to understand how these openings in the alveolar walls 
(pseudostomata) may become sufficiently distended to allow 
cells and other substances to passthrough them from the 
alveolar cavity into the inter-alveolar tissue. 

When once the carbon has made its way into the inter- 
lobular tissue, some of it is taken up by the fixed cells in 
this situation, whilst that which is not thus detained, 
passes on to the lymphatics, and is deposited in the 
bronchial lymj&atic glands, where the black particles are 
also visible. 

Closely allied to this physiological pigmentation of the 
lung from the inhalation of carlx)n, are those morbid con- 
ditions which result from the inhalation of particles of 
coal, stone, iron, and othw substances, — of which the 
lungs of miners, stonemasons, and grinders afford fre- 
quent examples. Hero also minute particles enter the 
bronchi, penetrate the walls of the alveoli, and arl de- 
posited principally in the interstitial tissue. In the 
case of miners — in which this is most common — ^the par- 
ticles of coal enter the lungs in such large quantities as 
to give to them a uniform dark black colour. In stone-^ 
masons, grinders, &c., the lungs also become deeply 
pigmented, although to 'a less extent than those of 
miners. 

The black colour of the lungs in these cases, however, is 
not entirely due to the presence of the inhaled substances, 
but partly to that qf tniq. hrematoidin-pigment. The in- 
halation of the irritating paHicIes sets up inflammatory 
changes in the bronchi and pulmonary tissue, causing 
chronic bronchitis, chronic lobular pneumonia, and a large 
increase in the fibrous tissue of the lungs, which thus 
.ultimately become consolidated, excavated, tough/* and 
fibrous, f ‘ Colliers” and ‘‘Knife-grinders’ Phthisis,” &c.) 
Owing to these structural changes ther6>is a considerable 
escape of colouring matter, either from rupture of the 
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capillaries or transudation of serum, and hence a lai 
formation of true pigment < and to this true jn^nn 
much of the dark colour of these lungs must undouhtec 
be ascribed. The lungs of stonemasons and grinders a 
like those of miners, deeply pigmented, although to a L 
degree, but the black colour in the former cases cannot 
entirely accoKaited for on the supposition that it is due 
the presence of inhaled particles. 

Pigmentation of the lungs from the presence of ham 
toidin occurs as the result of many othep morbid com 
tions, many diseases of these organs being attended 
the formatiorf of pigment.- In chronic phthisis, pigme 
tation occurs, partly m the result of tho inflammato 
process, and partly from the obstruction of tho vess( 
caused by the new growtl*— lines of pigment are co 
stantly seen surrounding the nodules of consolidatio 
In acute croupous pneumonia, tho blood which is extr 


Fig. 2C. 



the sputum qf acute Bi'onchitis. Showing 
tb© minul^ granules of pigment 'within tho colls 
Some of the colls also contain a few fatty molo- 
culos. X 400- 

vasated into the air-vesijles, and whicji in the early stage 
gives to the expectoration a rusty or prune-juice colour 
subsequently becomes converted into pigment, and th« 
sputum become^f a greyish-black ; the figment granulei 
being visible in the newly formed cells.* The cells mel 
with in the sputum of bronchitis also contain granules ol 

u2 
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pigment (Fig. 26) ; and pigmentation plays an important 
part in the condition of the lungs known as brown indu- 
ration. (See “ Brown Induration of the Lungs.'’) 

Pigment in the lung usually occurs as black irregular 
granules ; it is rarely met with in a crystalliae form. In 
all cases in which it is found in any quantity in the lung 
it is also found in the bronchial glands. A is taken 
by the lymphatics and, like the inhaled carbon, it becomes 
^.rrested in its passage through these glands, where it 
remains permanently. 



CHAPTER X. 


TISSUE-CHANGES IN PYREKIA. 


It is proposed in the present chapter to allude very 
briefly to those alterations in the tissues which are me# 
with in certain pyrexial diseases, to which have been 
applied the terms ‘‘ parenchymatous” or “ granular dege- 
neration,” ” albuminous infiltration,” “ acute,” or ” cloudy 
spelling.” 

It is well known that in most diseases which are acoom- 
panied by a considerable elevation of the bodily tempe- 
rature, and especially in those in which the blood has 
undergone marked changes, the organs and tissues are 
found much altered after death. The diseases in which 
such alterations are most frequently met with are pysemia, 
erysipelas, typhus, typhoid, and other acute specific fevers, 
and acute rheumatism. They also occur in other diseases 
which are attended by^ considerable pyrexia; and th% 
amount of tissue-alteration usually bears — emteris •paribus 


— a direct relation to the amount of the pyrexia. The 
organs in which the alterations are more especially marked 
are the liver, the kidneys, the heart and muscles, and the 

The physical characters of the SblwO^rgans vary. It 
may, however, be stated generaH^I^ the organs are 
more or less swollen and opaque, somlwhat diminished in 
consistence, agd abnormally fnable. '{heir vascularity is 
in some cases diminished, in ethers ^slightly increased.. 


When examined microscopically, the cellular elem^ 
found tg be increased in size, and their pro^ 
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markedly granular, so that, in some cases, the nucleus is ^ 
so much obscured as to be indistinguishable. (Fig. 27.) 
The granular condition of the protoplasm appears in 


Fia. 27. 



Liver from a cane of Acute Rheumatim u>Hh 
hiffh Temperature, Showing the swollen and 
gruunlar condition of tho liver-oolls. In many 
(.f the cells the nucleus is so much obscured 
as to be almost indistinguishable, x 2IJ0. 

most cases to be due to albuminous particles, inasmuch 
as it disappears upon the addition of dilute acetic acid. 
In other cases, howe^ er, m which the change is apparently 
more advanced, the granules are larger, insoluble in acetic 
ilbid, and obviously fatty. ^ , 

The i^tjcr.— Here the change is usually met with in its 
most marked degree. The organ is slightly enlarged, 
abnormally soft and friable, and the cut-surface has a 
dull opaque look, being paler than natural. The liver 
cclls»are swollen and granular, and in many cased contain 
fatty particles. (See Fig. 27.) 

The Kidneyg.^ln the kidneys the change affects espe- 
> dally the cortex. This is^ swollen, opaque, and friable. 

Malpighian bodies and the pyramid are ^usually 
abncnrmally vascular, and thus contrast with the pale 
^0 epithelium in the tubes of tbe cortex pre* 
appearances above described. These ^aro pre- 
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l^isely similar to those mot with in the earlier stages of 
tubal nephritis. (Sco Fig. 104.) 

The JBteaH , — The alteration produced in the heart con- 
sists in slight opacity, pallor, and diminution in the con- 
sistence of the muscular tissue. Under the microscope 
the muscular fibres are seen to have lost their distinct 
stiiation and to be fifiely granular. (Fig. 28.) Such a 

ft 

Pm. 28. 



Muscular Tissue of the Hearty from a case of 
severe Tifphoid Fever, Showing the gmuular 
condition of the fibres and the loss of their 
striation. x 400. 

condition must materially interfere with the contractile 
power of the organ. A similar change is met with less 
frequently in other muscles. 

The Lungs . — ^The change in the lungs has been described 
by Buhl as consisting in swelling of the alveolar epi-' 
thelium. The epithelial elements are markedly granular 
from the presence of albuminous and fatty particles, and 
they become loosened from the alveolar walls. The 
change afteots, more dr less, the whole of both lungs. 
The organs are enlarged, oBdematousif and abnormally 
friable.* 

This change occurs not only in pyrexia, but also in the 
earlier stages of the process of inflammation. Here also ^ 
a swollen and agranular condition of t^e protoplasm is 
met with, especially in epithelial and encfothelial elements* 

* ||Ubl, *4jimgonontzfiiidimg, Tuberknlose, imd Schwinds^i.'* 


104 


NUTRITION IMPAIRED* 


It is to this that Virchow gave the name of “cloudy 
swelling.” (See chapter on “ Inflammation.”) ^ 

Respecting the nature of the change — nothing is cer- 
tainly known. Dr. Wickham Legg produced it arti- 
ficially in animals by submitting them to a high tem- 
perature, and he, in common with some other pathologists, 
is inclined to look upon it simply Ss a result of the high 
temperature. An exact knowledge of its pathology, 
however, must probably await further accurate expe-* 
rimental invesligation. In the meantime, when it is 
borne in mind that the conditions in which it occurs — 
fever and inflammation, are both attended by marked 
alterations in the nutritive processes, and that in ad- 
vanced degrees of the change it is accompanied by more 
or less fatty i||ptamorphosi8, it may bo regarded as pro- 
bfible that its occurrence will be found to be due partly to 
interference with the normal processes.of tissue-oxidation, 
and partly to increased transformation of the protoplasm 
of the cells. (See “ General Pathology of Fatty Dege- 
neration.”) 

Whatever be the nature of the change, there can be no 
doubt that it must very materially interfere with function, 
and that its supervention in the course of acute disease — • 
especially when affecting the heart — must constitute a 
most important source of danger. 



CHAPTER XL 

NUTRITION increased; 

Titb morbid changes thus far described, have been at- 
tended either by a/rresi or by imjpavrmmt of nutrition ; — 
those remain to be considered in which the nutritive ac- 
tivity is increased. They include Hypej||tophy and the 
New Formations. 

Hypertrophy. 

Hypertrophy is an increase in the amount of a tissue, 
owing “I jo an increase in the size, or to an increase in the 
number, of its histological elements. This increase, 
however, in order to constitute hypertrophy must affect 
those elements more especially upon which the peculiar 
functions of the part depend; in muscle, for example, 
the muscular fibres, in the kidney — ^the urine-tubes and 
blood-vessels. 

When this increase in the amount of the tissue is 
owing simply to an increase in the size of the elements of 
which it is composed, it is termed simple hypertrophy ; 
when to an increase in'^their ivumher^ and to the forma- 
tion of a new tissue, numerical hypertrophy, or hyper* 
plasia. The two forms of hypertrophy are thus com- 
parable with the two forms oif atrophy; — ^in simple 
hypertrophy as in simple atrophy, there is merely an 
alteration in tlfiS size; in numerical — an;? alteration in the 
mimher of the elements. 

Hypertrophy is in most cases the result of an increase 
in"^e functional activity of . the tissue, this infreased 
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activity being induced by a necessity for some increased 
manifestation of function ; in muscle, for examples, in order 
to overcome some obstruction, in a secreting organ — to 
secrete more fluid. Such liypertroplues are consequently 
conservative in their nature, and they are usually spoken 
of as functional hypertrophies. 

It is in muscular tissue that functional hypertrophy is 
most frequently met with. Examples of it are furnished 
by the hypertrophy of the muscles of the calf in ballet 
dancers ; also by the hypelirophy of a hdUow viscus from 
obstruction to the exit of its contents — as*of the heart 
from obstruction at the valvular orifices or in the course 
of the circulation, of the muscular coat of the stomach 
in stricture of the pylorus, of the intestine above a per- 
manent stricttlll^, and of the bladder in stricture of the 
urethra. 'The kidney also may become hypertrophied* 
owing to the loss or incapacity of its fellow., In bone, 
hypertrophy of the fibula has been observed in cases of 
disease, or ununited fracture of the tibia. In all these 
cases the necessity for increased activity leads to in(5reased 
development. 

In exceptional cases hypertrophy is not dependent 
upon an increase in the functional activity of the tissue. 
It may sometimes result from an increased supply of 
blood to a part, and there are some forms of hypertrophy 
which are congenital. 

Tlio term “ hypertrophy” is, also feequently applied to 
those enlargements of organs which result froni| long- 
continued irritation ; as" to ehjargemonts of the lym- 
phatic glands, of the tonsils, and of the prostate gland. 
Such growths, however, are some of them inflammatory 
in their nature, others come more properly within the 
category of “ tumours.” 



CHAPTER XII 


TICE NEW FOBMATIONS. 

Increased nutritive activity of a tissue — as has been seen 
in the preceding chapter — leads not only to the enlarge- 
ment of its component elements, but also to the produc- 
^ tion of new ones. It is this production o^iew elements^ 
and the various structures to which they give rise, that 
constitutes the New Formations. The New Forma- 
tions comprise both i nflammatory and non-mflammatory 
growths. 

The mflammatory new formations differ from the non- 
inflammatory in being caused Jjy sopic injury, upon the 
removal of which the process of growth usually ceases. 
They are characterised by their instability ! they either 
rapidly undergo retrogressive chaSgesT^r, at the most, 
form a tissue which in its structure and life is similar to 
that from which they originated. Their tendency is gra- 
dually to approximate to a healthy CQndition, and, not 
like tho non-inflamma|ory growths, continuously to in- 
crease. These will be treated /f^f in* the chapters on 
“ Inflammation.” 

The non^inflammatory new formations are divisible 
into— the , Begenerations, the Hyperp^sias, and the 
Tumours . — 

The regeneration of lost or destroyed tissue belongs 
rather to the domain of normal than of pathological his- 
tology, and needs here no further consideration. 

• The Hyperplasias are new formations •f tissue which 
in structural and formation are similar to that from which 
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they originated. SucR new formation has been seen in 
the preceding chapter to occur in many cases of hyper-, 
trophy (numerical hypertrophy). Most frequently, how- 
ever, a hyperplastic process gives rise to growths which 
come within the category of tumours. This is seen, for 
example, in a localised hyperplasia of the papillary layer 
of tfie skin leading to the formation of a papilloma. 

The tumours, much the most important class of new 
formations, must be treated of more fully. 

Tee Tumoubs. 

The tumours are new formations which in their deve- 
lopment and growth .gj^chai-acterised by their iWepen- 
dence of the rest of the body; they increase in size by 
virtue of their own inherent activity, which differs from, 
and is, to a great extent, independent of that of the sur- 
rounding tissues. Having attained a certain size, they 
either remain permanent, or, more frequently, tend con» 
tinuonshj to increase. 

Whatever be the nature of the tumour it is always the 
direct product of the elements of a |^e- existing tissue, 
these elements’ being in some cases migrated white blood- 
corpuscles. In order therefore to understand the patho- 
logy of the tumours, it is necessary to ho intimately 
acquainted with the histology and mode of development 
^of the normal tissues. 

Etiology of Tumours. — ^As tumours are the result of 
the increased nutritivij^j, activity of the elements from 
which they originate, ft will be readily understood that 
their causes must for the most part be obscure, and that 
in many cases all that can he said is, that the new growth 
is the result of the s vontane^ tM ^tivity of 
from which ft springs. Sometimes, however, the tenses 
either whol^jr or partially ascertaiiiable. , They may 
be divided into 

” 

Go^titiiUoml Predisposmg Th^ auuiv ta- 



TUMOURS. 


109 


mours owe their origin to some constitutional taint, has 
long been a universally accepted pathological doct|me. 
The constitutional cause has frequently been regarded as 
a general one, as consisting either in sonic alteration in 
the constitution of the blogd, or in some abnormal condi- 
tion of the physiological processes throughout the entire 
organism. It was formerly supposed that many new ‘for- 
mations were the result of an exudation from the blood- 
vessels, and that the elements of the growth were produced 
spontaneously in the exuded structureless blastema. Such 
growths were looked upon as the local expression of a 
vitiated constifution of the blood, — a dyscrasitu Although 
this hypothesis is now universally abandoned, and all 
new formations are known to originate from pre-existing 
cellular elements, an alteratiou in the constitution of the 
blood or in the performance of the physiological processes 
throughout the body, is still regarded by many as playing 
an important part in their causation. 

It is the malignant tumours which are thus supposed 
to owe their origin to the existence of a general constitu- 
tional taint. These growths are said to be of a constitu- 
tional origin; in contradistinction to the non-malignant 
growths, which are looked upon as purely local. This 
hypothesis is principally based upon the clinical charac- 
teristics of the malignant growths — their tendency to 
recur after removal, their multiphoity, and the difficulty 
or impossibility of completely eradicating them. 

It j^is said that the development of malignant growth Ji 
is frequently preceded by an unhealthy state of the con- 
stitution — a cachexia. In the ml^jority of cases of malig- 
nant formation, however, there is no evidence of any such 
cacbexi^i preceding the local growth. The individual is 
usually in good health at the time of the occurrence of 
the primary tumour. The general impairment of nutri- 
tion and, emaciation, which constitute tjie cachexia, are 
secondary to the local growths, and are <n direct propor- 
tion iw their extent and situation ;—th^„more extended 
the Io(^l lemons, the greater the amount of discharge, the 
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more the lymphatics and the digestive organs are in- 
vol^d, the more marked is the attendant cachexia. 

The multiplicity of malignant growths is also adduced 
as an argument in favour of the existence of a general 
constitutional taint. The fact that malignant growths 
are frequently multiple, constitutes in itself no ground 
for ttuch a conclusion. The multiplicity is for the most» 
part a secondary phenomenon, the -fSecondary tumours 
resulting from infection by the primary one. Simple 
primary multiplicity is not so characteristic of malignant 
as of many other tumours — ^the liponfkta, fibromata, seba- 
ceous tumours, and warts, are all more ctften primarily 
multiple than cancer. Multiplicity in many cases is evi- 
d^cc rather of a local than of a general taint. ' In scro- 
fula, for example, the lymphatic glands generally are 
*‘prone to become the seats of new growth', and tumours 
arc often multiple in bone without occurring in other 
tissues. In such cases there would appear to be a local 
rather than a general cause. 

The recurrence of the malignant growth after removal 
at the seat of the operation, may again be owing to the* 
removal having been incomplete, some of the proliferating 
elem<3nts of the growth haying been left behind. The 
cellular element^ of malignant tumours often extend into 
the adjacent tissues for some distance beyond the appa- 
rent confines of the tumour, and as the physical characters 
of the infiltrated tissues differ in no way from those of 
the healthy, there are no means of certainly detennmng 
how far wide of the tumour the incision must be carried 
in order to include the whole of the affected structures. 
(See “Malignancy.'*) A tendency to local recurrence is 
a property possessed by many growths, and it can be 
explained on local grounds without the necessity of ad- 
mitting the existence of a general taint. 

Lastly, the fact that malignint growths are usually 
followed by the«development of similar growths ih the 
lymphatic glands and in internal organs, may in most 
oases be more ^adily explained— as will be seen when 
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speaking of “ malignancy^^l-by regarding these as the 
result of infection by the primary tumour, than by as- 
scribing them to the existence of a common constitutional 
cause. 

The reasons already adduced in a preceding chapter (sec 

Introduction”), for considering all changes in the con- 
stitutilia of the blood as secondary to local causes, \jould 
appea^S^themselves to be sufficient to render untenabl(y 
the hypM isis of a primcM'y blood dyscrasia. Any ab- 
normal c®/"ition of the blood which may be associated 
with the aT'^elopmojit of malignant tumours must pro- 
bably be rcA^ed as resulting either from the absorption 
of deleterious Bubstances, from the entrance into it of the 
elements of the growth, from the drain of an attendant 
discharge, or from interference with the processes of’^di- 
gestion,' assimilation, or secretion, or with the formation 
of the blood itself. At the same time it must be borne in 
mind, when discussing the possibility of the development 
of malignant growths being the result of a “blood- 
disease,” that the emigration of white blood-corpuscles 
may play some part in the process. How far this is the 
case, as wiU be seen hereafter, we are at present unable to 
determine. We know that this emigration constitutes a 
prominent feature in the process of inflainmation, and if 
future researches should show that it also occurs in the 
development of malignant new formations whilst in those 
which are non-malignant it is entirely wanting, it would 
go far towards rendering the existence of .a malignant 
dysci^asia beyond dispute. In the present position of our 
knowledge, however, in which it is only probahle that au 
emigration of leucocytes may play some part in the de- 
velopment of all new growths, both innocent and malig- 
nant, any argument in favour of the existence of a blood- 
dyscrasia as the cause of the development of the latter 
based, upon such considerations would he unjustifiable. 
If an emigratioi#of leucocytes does tak%^lace, it is more 
in Abidance with facts and with the general history of 
i maUghai^ growls to suppose the existe^^^^^^ pecu- 
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liarity in the tissues into %hich thfek^lements escape 
which determines their special development. . 

Although there would thus appear to bo no necessity 
to admit the existence of a general constitutional cause in 
Order to explain the clinical characters which constitute 
malignancy, there can be no doubt that the development 
of many gro^hs, both innocent ai^d malignant, is 
materially influenced by constitutional conditions. Certain 
conditions of the constitution may favour the develop- 
ment of tumours, just in the same way that they favour, 
for example, the development of syphilitic lesions. In 
both cases the local processes may * be nvpdidcd by the 
general constitutional state. In the case of tumours 
it m^st be admitted as possible that the Constitutional 
innuence may be sufficient in itself to determine the 
development of the new growth; and this possibility 
must be borne in mind in accounting for the develop^ 
ment of secondary malignant growths, as although these 
may result from infection, they may perhaps in some 
cases owe their origin to the same causes as those which 
induced the primary one. 

The influence ol hereditary predisj^odti^ must also, 
be taken into account in studying the. etiology of 
tumours. Tbisfufluence is marked in the case of many 
growths, both malignant and benign. The inherited 
peculiarity is probably, in most cases, a local rather than 
a general one, consistiug in some constitutional peculiarity 
of the tissues from which the new growths originate^ 
some peculiarity which renders them more prone than 
other tissues to. undergo abnormal development. In 
scrofula, for example, which is a markedly hereditary 
disease, the tendency of the lymphatic glands to undergo 
excessive development from very slight degrees of irrita- 
tion, is probably to be regarded as owing to a pre^pom- 
tiou of the glands themselves, and not to any gm&ral 
institutional si%te. The same is probadbly true of many 
other constit^ioual tendencies, i^mvi, tumours of tlm, 
skin, nterim, mammas, stomach, and of other parts, are 
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again all unquestionably sometimes hereditary ; and here 
also the tendency would appear to consist in a pre- 
disposition of the tissues themselves to become the seats 
of new formations. 

The tendency sometimes observed in pa/fticular tissues 
to generate new formations, points again to a local cause. 
The osseous system, for example, may be the seat of ♦new 
growths — ^tumours occurring in nearly all the bones, and 
not being met with in other parts. Tumours may in tjie 
same way be multiple in other tissues. 

Direct Exciting Gemsee . — ^The existence of a direct ex- 
citing cause ifif more capable of demonstration than a con- 
stitutional one. It consists either in some direct irritation 
of a tissue, which is by this means stimulated to increa|[ed 
development; or ijgJ^ migration or transmission of ele- 
mgnts from some p]^a^ growth, which by prohforating 
themselves, or fcaiimng proliferation, in the tissues in 
which they lodge, constitute the centres of secondary 
formations. 

! The direct irritation of a tissue may bo owing to me- 
chanical or chemical irritants. Simple mechanical or 
chemical irritation can, however, under no circumstances 
be the onhj cause of the development of the growth. The 
effect of such irritations alone, is to cause dn inflammatory 
formation ; in order for them to produce a non-inflomma- 
tory one — a tumour, there must be some special predis- 
position of the tissue itself : — ^the irritation can merely 
determine its development. The influence of simple 
irritation in the production of new formations is exem- 
plified by the frequent occurrence of epithelioma on the 
lips of smokers, from the' irritation of the pipe ; and on 
the penis and scrotum of chimney-sweepers, from the 
irritation of the soot (“ chimney-sweeps* cancer’*). The 
nuiherous recorded ii^tances of the development of a 
tumour following some external violence or injury, leave 
little doubt thaft these also sometimes stand to ono'^ 
ao^ther in the relation of cause and effect. Lastly, as 
pointed out by Virchow, it is those organs which are the 
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most exposed to irritation from external canseR, as the 
stomach, the uterus, the mammary-gland, and the rectum, 
which are especially liable to become the seats of new 
growths. 

The influence of elements, which have either migrated 
or been conveyed from their original habitat, in causing 
the development of new formations is exemplifled by the 
history of malignant tumours. It is by this means that 
the secondary tumours piost frequently originate. The 
elements, which either migrate spontaneously from the 
primary growth, or are carried by the blood or lymph 
streams, may proliferate in the tissue in which they 
lodge, and so develop into secondary formations. 

In other cases it is also exceedingly probable, as pointed 
out by Dr. Creighton,* that the elements (either cells or 
minute particles) which are transimtted from the pri- 
mary tumour cause the production of secondary tumours 
by virtue of an influence^on the cefl s ol the ti ss ue 
where they lodge, which may be termed a ev&matic 
influence, and which is strictly comparable with'^at of 
the sperm-cell on the ovum. In such cases the relation of 
the primary to the secondary tumour is that of parent to 
offspring. This* subject will be again alluded to when 
speaking of “ Malignancy*' 

Development. — ^In studying the development of the 
tu|nours, it is important, in the first place, to bear in 
mind what has been already stated— viz., that they are 
in all cases the direct product of pre-existing ceUular 
elements. In their development they also resemble the 
normal tissues : — every pathological growth has its phy- 
siological prototype. ^ 

The elements from which tumours most frequently 
originate are those, belonging to the r - 

tpesinBi and to the blood-vessels and lymp^iatic jsystW 
with which it js so intimately associated. By summon. 
Wnnective tisstfe is meant that tissuefWhich inwall 

Ii|i|eussion on C^er, “ Tiuns. Path. Soc. 



TUMOURS. 


115 


BurroTiiids the blood-vessels, and is so universally dis- 
tributed throughout the entire organism. This must be 
carefully distinguished from the formed connective sub- 
stances — tendon, cartilage, bone, &c. In this common 
connective' tissue Tye distinguish two kinds of cells — ^the 
stable cells (connective tissue corpuscles), and the mobile 
cS^which are probably wandering white blobd-corpusS. 
These cells are in Intimate relation with the endothelium 
of the lymphatics, the latter vessels commencing as serous 
canals which are universally distributed in the tissue. 
Further — both the endothelium of the lymphatics and 
that of the blSod- vessels closely resemble in their physio- 
logical functions the fixed cells of the connective tissue. 

In the process of development of tumours from this 
common connective tissue, the part, which is played by 
the different cellular elements cahnot in our present state 
of knowledge be certainly stated. It is, however, pro- 
bable that it is the mobile cells which are principally con- 
cerned. These cells are the moat active, and consequently 
the most capable of multiplying by division. It is equally 
probable that the number of these mobile cells, is ma- 
terially increased by an abundant emigration of white 
blood-ooypuscles from the vessels. Respecting the fixed 
connective tissue cells and the endothelium of the blood- 
vessels and lymphatics — it must be admitted that these, 
although perhaps inferior in their formative powers, also 
undergo active changes, and thus increase the number 
of the newly formed elements,. In. the case of these fixed 
cells, the process of ceU«fonpation is probably very fre- 
quently effected by means of violation and endogenous 
development (See Fig, 3) ; anfi^s was stated when de- 
scribing the " geuejis of cells,” elements which , thus 
orig^te ’^endogeneously ha^for the most part, a destiny 
' different ffom t^t of the parent celt. 

Whatever be ijie part played by the respective elements^ 
in 1he process- of development of the new growth, the first 
result ^pf their combined activity is to produce a new 
"^sue, cbi^osed of innumerable email roundish-shaped 

I a 
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cella, from diameter, often en- 

closing a large, round, ill-defined nucleus, which usually 
only becomes visible after the addition of water or of 
acetic acid. The cells, which are usually known as 
indifferent cells, possess no limiting membrane, but con- 
sist <ii little masses of protoplasm which are almost in 
close contact with one another (Fig. 29). They arc in- 
distinguishable from the colls of a granulation, and from 
many of those met with in the 
rapidly growing connective tissue 
of the embryo. In some cases the 
protoplasm continues to increase 
and the nuclei to divide without 
any subsequent division of the 
cell taking place, and thus are. 
produced large irregular-shaped 
masses of protoplasm containing 
numerous nuclei. These are the 
giant or myeloid cells which are 
met with in the medulla of young 
bone and in many sarcomatous 
tumours (see “Myeloid Sarcoma,” 
Fig. t>C0. Thus the first stage in the process of develop- 
ment consists in the formation of an embryonic tissue, 
and this embryonic tissue subsequently develops into the 
tissue of which the new growth is composed. It is often 
impossible to determine in this early stage of the growth 
what it will ultimately become — ^whether a fibroma, a sar- 
coma, or an enchondroma, &c. 

The second stage of t^ process consists in the develop- 
ment of this embryonic (“indifferent”) tissue into the 
tissue of the permanent growth, and this subsequent 
development closely resembles that of the immature con- 
nective tissue of the embryo. As from the immature 
connective tissfip of the embryo are ^velbped various 
connective tissue ^ substances^ — fibrous tissue, mucous 
tisBuei cartilage, bone, &o. — so may this embryonic con- 
^tive tissue, which constitutes the earlie8lv^Stage:of so 
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many of the pathological new formations, become de- 
veloped into various tissues, all of which usually more or 
less resemble the several varieties of the physiological 
connective tissues. The whole of the primary cells may 
form the same kind of tissue, in which case the growth 
will possess the same characters throughout ; or it. may 
be complex, some cells forming one kind of tissue and 
some another. A combination of two or more kinds of 
structure may thus be met with in the same tumour — as 
a combination of sarcoma and lipoma, of enchondroma 
and myxoma, ^nd so on. What determines the ultimate 
development of the young cells, why they produce such 
various forms of growths, is as far from our knowledge as 
what determines the ultimate destination of the cells in 
the embryo. 

Next to common connective tissue, the epiUielia, surface 
and glandular are the elements from which tumours 
most frequently originate; and as from connective 
tissue are usually produced growths of the connective 
tissue type, so do the growths originating from the epi- 
thelia usually resemble epithelium. As to whether all 
new growths originating in connexion with epithelium are 
solely the offspring of pre-existing epithelial elements, we 
are unable to speak with absolute certainty. The answer 
to this question must await a more certain knowledge of 
the way in which the epithelial structures normally grow 
and repair themselves. It is regarded as probable by 
some that the normal production of epithelium is not 
entirely the result of the multiplication of epithelial cells, 
but that the mobile cells of the connective tissue by 
contcbct with epithelial elements naay beconie developed 
into epithelium. If this be so, it must be admitted 
as at aU events equally probable, that pathological new 
formations which originate in connexion with epithe- 
lium may be in* part the product of Mobile elements 
belonging to the connective tissue. The process of deve- 
lopment from epithelium may take place either by simple 
divtApn* o*by vacuolation and endogenous growth. 
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Here allusion must be made to the recent investiga- 
tions of Dr. Creighton on the development of secondary 
tumours in the liver.* Dr. Creighton finds that in various 
kinds of secondary tumour 4 )ccurring in the liver, the 
growth originates from the liver-cells by a process of 
vacuolation and endogenous formation ; and he concludes 
that in this way liver-cells may originate epithelial cells, 
connective tissue-cells, spindle -cells, &c., the variations 
depending upon the nature of the primary tumour. 

From the remaining tissues, muscle and nerve, the 
development of tumours is comparatively^ rare, and in 
nerve-tissue it is even doubtful if formative processes ever 
occur. 

According to the similarity or difference which subsists 
between the new growth and the tissue from which it 
grows, tumours are divisible into two classes — horn>o» 
logons and heterologous. When the tumour resembles 
in its structure and development the tissue from which it 
originates, it is said to be homologous ; when it differs, it 
is said to be heterologous, A cartilaginous tumour, for 
example, growing from cartilage, is homologous, but 
growing from any other tissue, as from the parotid gland, 
it is heterologous. The same variety of tumour may 
thus be in one case homologous, in another, heterologous. 
A purely homologous growth is therefore simply a hyper^ 
plasia^nji excessive growth of a tissue in some particular 
part ; any deviation from the type of the parent tissue 
constitutes heterology. 

Heterology, however^ is not limited to the production 
of' a tissue which is dissimilar from that from which* it 
originates ; a tumour is also said to be heterologous when 
it differs from the tissue in which it is situated, and this 
may occur without its being the direct product of the 
latter. It is heterology in this sense that is so charac- 
teristic of certain^cancers. Those cancera'which obviously 
originate from epithelium, become heterologous^ ^jlring to 

^ f. 

Discussion on Cancer, Trans. Path. B0c.;liond*,” 
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the growth and extension of the epithelinm beyond its 
normal limits (See “ Epithelioma,” Fig, CO). The same 
form of heterology obtains in the case of growths ori- 
ginating from elements which have migrated or been 
carried from their original habitat, and have developed 
into a tissue which differs from that in which they are 
situated. 

Heterology is often an evidence of malignancy. Many 
heterologous tumours, however, are not malignant ; flight 
deviations from the normal type are no evidence of 
malignancy. 0A growth primarily homologous may sub- 
sequently become heterologous ; this is often seen when 
a long-standing innocent' tumour suddenly exhibits 
malignant characters. A knowledge of the homology or 
heterology of a growth is therefore an important element 
in the determination of its innocent or malignant nature. 

Relation ov the Tumoue to the sueeounding 
Tissues. — The relation of the tumour to the surrounding 
structures will depend upon its mode of growth. Growth 
may take place simply, by the continuous proliferation of 
the cells of which the tumour is composed. In this case 
it will merely displace the surrounding parts, and having 
attained a certain degree of development, a fibrous cap- 
sule is often formed around it, by which it becomes com- 
pletely isolated. The lipomata, fibromata, and enchon- 
dromata are usually thus encapsuled. In other cases, 
growth takes place also at the circumference, by the con- 
tinuous proliferation of the parent tissue, and the in- 
vasion of adjacent structures. There is then no line of 
demarcation between the tumour and the surrounding 
parts, so that although to the naked eye it may appear 
separate, the microscope will discover in the adjacent 
tissues elements of the new growth. (Fig. SO.) This is 
very common in the sarcomata and in the cancers, and is 
a common caus^f local recurrence after removal. (See* 
“ Mali||cancy.”) 

Bbteogiiessivb Changes.— ‘The development of the 
tttxho^ being complete, it becomes sooner or later the 



120 


NUTRITION INCREASED. 


seat of retrogressive changes. The time at which the^ 
commence varies.: — As a rule the permanence and dura- 
bility o£ a tumour bear an inverse relation to the rapidity 
of its growth, and to the iia^eriority of its organissttion. 


Pig. 30. 



Scirrhus qfthe Mcmina . — A thin section from tlio 
most oxtenial portion of the tumour. Showing 
the invasion by sniall-cellud infiltration of the 
muscular fibres and adipose tissue in the ueigh- 
L)ourhoo(i of the gland, x 200. 

The more rapid the growth, and the more lowly organised 
the tissue formed, the less its durability and the sooner 
do retrogressive changes occur. The cancers and sarco- 
mata, for examph;, which develop rapidly, and consist for 
the most part of cells, quickly degenerate ; their elements 
are unstable and soon perish. Osseous tumours, on the 
other hand, which develop more slowly, and consist of a 
more highly organised tissue, have a much greater 
stability, and are but little liable to retrogressive meta- 
morphosis. 

The retrogressive chauges are similar to those met with 
in the physiological tissues. Deficient supply of blood 
is followed by fatty degeneration and its various termi-, 
nations — softening, caseation, and calcification. Pig- 
^ mentary, colloi^ and mucoid degeneration may also 
occur. Tumourai^may also become the sftits of an inflam- 
matory process. . 

MALioifANCY. — By ** malignancy’* is understood the pro- 
' perty possessed by many tumours of reprodueing them* 
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selves either locally after removal, or in distant tissues. 
It is important not to confound the terms “ malignancy’* 
and “cancerous.** ** Malignancy*' is a purely clinical 
term, and although in a high degree the property of the 
cancers, is by no means confined to them ; the sarcomata, 
for example, being in many cases equally, or even more 
malignant. The term “cancer,** on the other hand, is 
used to imply a definite structure, and as such is applied 
to a certain class of new formations. 

The malignant properties of a tumour may manifest ( 
themselves eitjier in the tissues immediately adjacent to 
it or in its neighbourhood, in the nearest chain of lyra- 
]^atic glands, or m more distant parts. Some growths ' 
possess these properties in a higher degree than others, 
so that there are diflferent degrees of malignancy. In 
many cases the malignancy of a tumour is so far limited 
that it gives rise merely to a local reproduction after 
removal. Such tumours have been separately classified 
by many surgeons as “ recurrent” tumours. (See “ Small 
Spindle-celled Sarcoma.**) In other growths this ten- 
dency to local reproduction is associated with the develop- 
ment of similar growths in the nearest lymphatic glands ; 
whilst in a third class of cases, to one or both of these 
conditions is added the reproduction of the growth in 
more distant tissues, especially in the lungs and liver. It 
will be advisable to treat of these three degrees of malig- 
nancy separately. 

' 1. Ue'production of the Tnnhour in- the Adjacent Striic- 
iure8 » — ^This is usually the earliest evidence of malignancy 
in a growth, and gives rise to its persistent recurrence 
in loco after removal by the surgeon. This tendency to 
the local reproduction of the tumour is principally owing 
to its mode of growth. The cellular elements of the 
tumour extend for some distance into the surrounding ^ 
tissues, BO that unless in the operation f^ its removal the 
incisiofi be carried for some distance beyond the apparent 
confines of the growth, some of the elements may be loft 
behind an^ thus constitute the centres of secondary for- 
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mations. (See Fig. 30.) Such tumours therefore are not 
usually eucapsuled, but extend by peripheral JSgrowth. 
In some cases, however, tumours which possess a dis- 
tinct capsule may in the same way infiltrate the sur- 
rounding structures. The infiltration of the adjacent 
tissues by the elements of the tumour sometimes gives 
rise, not only to the 9ontinuonB enlargement of the pri- 
mary growth, but also to the development of separate 
secondary growths in the immediate vicinity of the pri- 
mary one. Whilst it must be admitted that the repro- 
duction of a malignant tumour in the adja^^nt tissues is 
thus in most cases to be ascribed to the infiltration of 
the latter wth its cellular elements, it is possible that 
the nutrient fluids of the tumour may by their influence 
upon the surrounding tissues be in part the cause of the 
abnormal development. 

2. Eeproduction of the Tumour m the nearest Lym- 
phatic Glands. — ^This is owing to the transmission by the 
lymph- stream of substances (probably cellular elements) 
derived frojii the malignant growth, which become arrested 
in the nearest lymphatic glands, and there cause the 
development of secondaiy formations. These are in all 
cases of the same nature as the primary tumour. When 
the lymphatic glands have 'themselves developed into 
secondary growths, they in their turn constitute new 
centres of infection, and may thus infect more distant 
glands or the immediately adjacent tissues. The ten- 
dency to reproduction in the lymphatic glands varies 
very much in the different varieties of malignant 
growths, beiug. for example, very marked in the cancers,^ 
whereas in the sarcomata it is comparatively rare. The 
reasons for these differences will be seen in the subse* 
queut chapters. 

9 3. Meproduction of the Tumour m IHetant TisBUies . — 

This is usually <be terminal process the history of 
. malignant growths. The reproduction of the malignant 
growth in ^tant tissues is in the great majority of oases 
owing entty of some of its elements intodihe blood- 
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stream. The secondary tumours, as in the lymphatic 
glands, are in all cases of the same natuVe as the primary 
one, although they are often softer, more vascular, and 
show greater activity of growth. They occur as a rule 
in those organs through which the blood from the pri- 
mary tumour first passes — ^that is, in those organs which 
present the first set of capillaries for the arrest of^ the 
transmitted materials. In malignant diseases of those 
organs, for example, which return their blood through 
the portal vein, as the stomach and mesenteric glands, it 
is the liver in^which the secondary growths usually first 
occur, and when this has become involved, it may consti- 
tute a secondary centre of infection, and in the same way 
cause tertiary growths in the lungs. Although this 
sequence is the rule, there are numerous exceptions. In 
some cases, the organs which are nearest in the course of 
the circulation to the primary growth escape, whilst those 
more distant become affected. This may be owing to one 
organ being more predisposed to the. influence of the in- 
fecting materials than another; or to the capillaries of 
the proximal organ allowing particles to 'pass through 
them, whereas those of the more distant one are small 
enough to arrest them. Lastly, it must be bonie in 
mind that the secondary growths may be entirely in- 
dependent of the primary one, their origin being due to 
the s om^ c ause. ^ 

Although the general dissemination of a malignant 
growth is thus in most cases owing to the transmission 
-of its elements by tie blood-stream, this is not the only 
way in which it^may be brought about. # Exceptional 
cases have been described in which the elements of a 
tumour have been distributed and caused secondary 
growths in other ways — as by passing down the trachea, 
travelling between the layers of the peritoneum, and 
from the kidneys^down the ureters to theJK»ladder, <fec. 

The secondary tumours, as already stated, are probably 
either the direct products of the transmitted elements 
which proliferate in the tissues in which they lodge, or. 
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they owe their origin to the spermatic influence of those 
elements upon colls with which they come into contact. 

It is thus obvious that the evidences of malignancy in 
a tumour will consist — in its invasion of the surrounding 
structures, the implication of the neighbouring lym- 
phatics, and the occurrence of similar tumours in internal 
organs. As a general rule it may bo stated that the 
more juice a growth contains, and the richer it is in 
blood-vessels and lymphatics, the more quickly will it 
infect the lymphatic glands, and internal organs ; on the 
other hand, the poorer it is in blood-vefijgels and lym- 
phatics, the more are its infecting properties confined to 
the neighbouring tissues. 

The determination of the innocent or malignant nature 
of any growth will principally depend upon its micro- 
scopical characters, and, as will bo seen when considering 
the various kinds of tumours, the differences which exist 
in their clinical characters are in great measure to be 
explained by differences in their position, minute strnc- 
tiirc, and mode of growth. Many varieties of tumours 
are invariably malignant, as the cancers and sarcomata; 
hence any growth which from its minute structure must 
be included under these heads, must be regarded as being 
of a malignant nature. 

Olassificatiok, — Tumours may be classified upon a 
histological, yr upon a physiological and clinical basis. 
Although a physiological and clinical classification are 
much to be desired, in the present state of our knowledge 
they must be veiy incompfete. The usual classification 
of tumours si^r^ng to their histological characters is 
coiivsequently here adopted. Such a classification may be 
most advantageously made in accordance with the clas- 
sifioation of the physiological tissues : — 
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CLASSIFICATION OF TUMOURS. 


^ L Tyjic of tlie Fully developed Connective Tissues. 


Type of fibrous tissue 
„ adipose tissue 

„ cartilage . . 

„ bone . . . 

„ mucous tissue 


,, lymphatic tissue 

II. Type of UAgher Tissues. 

Typo of muscle ..... 

„ nerve 

„ blood-vessels . . , 

,, papillm of skin or mu- \ 

cous membrane . . | 
„ secreting glands . . 


Fibroma. 

Lipoma. 

Enchoudroma. 

Osteoma. 

Myxoma. 

/ TIodgkin's 
The Lymphomata-! l>iHease. 

i Leukasmia. 


Myon^. 

Neuroma. 

Angioma. 

Papilloma. 

Adenoma. 


III. Type of Embryonic Connective Tissue. 

The Sarcomata. 

Spiudle-celled Sarcoma . . 

Round-celled Sarcoma . . 

Myeloid Sarcoma. 

IV. The Carcinomata, 

S«sirrhus. 

Eucephaloid. 

Colloid. 

Epithelioma — Adenoid Cancer. 

V. Cystic Tumowrs. 


' Small spindlc-cellcd Sarcoma. 
Large „ 

Melanotic Sarcoma. 

.Osteoid Sai'coma. 
f Glioma. 

I Alveolar Sarcoma. 



CHAPTER XIII. 

THE FIBROMATA. 

The fibromata, fibrous, fibro-cellular, or connective- 
tissue tumours, are tumours consisting of fibrous tissue. 

Stbuctuke. — In structure the fibrom[fla present the 
same variations as those met ^vith in fibrous tissue. 
Some of them are c&nposed of firm, dense, fibrous tissue, 
such as constitutes tendons ; others are laxer and less 
fibrous in consistence, more resembling the connective 
tissue of the cutis. The fibres, which constitute the 
chief part of the growth, are more or less closely inter- 
laced, and are distributed without any definite arrange- 
ment, or grouped in bundles of various sizes. They are 
sometimes arranged concentricalfy around the blood- 
vessels. (Fig. 31.) Yellow elastic fibres are but very 
rarely met with. The cells, like those of normal fibrous 


Fig. 31. 



Scctim €>fa ^ihroua JSmmurfirom the the uflgbbotiThood 

of tbe cut blood-vessul v. arc seen some eeSd \ also fibres cut traos- 
Tersely* x 200 and reduced 
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tissue, are very few in number, and are nsnally most 
abundant around the vessels. They arc minute, spindle- 
shaped, fusiform, or stellate bodies, the latter having 
processes of varying length, which communicate with 
similar processes from neighbouring cells. They are 
often so small and indistinct as in the fresh specimen 
only to become visible after the addition of dilute doetic 
acid. The size and number of these cells varies with the 
rapidity of growth — ^the slower the growth the more 
fibrous the tissue, and the smaller and less numerous are 
the cells. 

The fibromAa usually contain but few blood-vessels. 
In the softer growths, however, these are often more 
numerous. They sometimes form a cavernous network, 
the walls of which are firmly united to the tissue of the 
tumour, so that When divided or ruptured they are unable 
to retract. In such cases, injury to the tumour is often 
followed by profuse hffimorrhage. 

, DEVELOPMENT.-^-The fibroniata originate from connec-*, 
tive tissue^ eithssjrom the cutis or subcutaneous connec- 
tive tissue, from the suBmucous or subserous tissue, from , 
fasc^' the ^eriosteS, ffis neurilemma, or from the? 
connective tissue of^gpgans* In the earliest stages of > 
their growth the cells are more numerous than when 
^development is complete. (See ” Development of New 
Formations.”) 

Secondary Changes. — Of these, pa rtial mucoid soften- \ 
ing and calcificatipp. are the most common. 
also sometimes occurs in thosa growths which are siEnated 
in the skin and submucous tissue, ' 

Varieties. — Fibrous tumours present aome variations 
in their characters, which depend for the most part upon 
the ti8su\5s from which they grow. Two classes may bo 
distinguished : — # 

1* — These conwst oftthe looser and 

less dense fonnoffibrous tissue. They*are met with as 
diffused growths the subcutaneous and submucous 
tissues. In the former ^situation they often form large 
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pedunculated and non-encapsuled tumours, which aro 
commonly known as wens. These are sometimes mul- 
tiple. A similar increased growth of the subcutaneous 
tissue is also met with in Molluscum Fihrosu^n, In this 
disease the large masses which hang down from the 
thighs, buttocks, and other situations consist simply of 
loose fibrous tissue. The new growth here often contains 
numerous large blood-vessels, so t^at its removal may 
lead to dangerous ha3aiorrhag6. 

In addition to these diffased growths, more circum- 
scribed and encapsuled ^hroxLS tumours of the soft variety 
are ocjcasionally met with growing from 'the scalp, scro- 
tum, labium, intermuscular septa, and other situations. 

2. Firm Fibromata, — Tbess are composed of dense 
fibrous tissue resembling that met with in tendons. They 
are firm, hard, encapsuled tumours, presenting on section 
a greyish-white, glistening, fibrous appearance. These 
Rumours often occur in connexion with bone, especially 
with the upper and lower Jaws, originating either in the 
centre of the bone or from the periosteum. Growing 
from the periosteum' of the alveolus they constitute 
simple fibrous eindis. They are also met with in the 
nose, where they form one variety of nasal polypus. It 
is in those firm fibrous growths that the communica- 
tion of the blood-vessels with cavernous spaces already 
alluded to, is sometimes found. 

Another variety oft firm fibrous tumour grows in con- 
nexion with nerves, and is often described as neuroma. 
True neuromata, however — i.e, new formations of nerve- 
tissue — are amongst the rarest forms of new formations. 
These fibrous growths most frequently occur in con- 
nexion with the superficial nerves. They grow from the 
neurilemma, and asrthey increase in size the nerve-fibres 
become expanded over them. They are vei-y firm, rounded 
tumours, and sre frequently multiple. 

The fibroid humours of the uterus* which are often 
described as fibrous tumours, appear in most cases to be 
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overgyowths of the involuntary mudcular tissue of the 
organ. They will therefore be considered with the mus- 
cular tumours. (See “ Myoma.”) 

Clinical Cuaiucters. — Clinically the fibromata are 
perfectly innocent. They grow slowly, and have no ten- 
dency to recur locally after removal. 



CHAPTER XIV. 


TITE LIPOMATA. 

A GENEEAL HGW formation of adipose tissue constituting 
obosihj^hsLQ already been described under “ fatty infiltra- 
tion.'* A localised and circumscribed formation, consti- 
tutes a lipoma or fatty tumour. 

STnucmiiiE. — The lipomata resemble in their structure 
adipose tissue. (Fig. 32.) They consist of cells containing 

fat, and a variable quan- 
tity of common connective 
tissue. The cells, like 
those qf adipose tissue, 
though usually somewheat 
larger, are more or less 
round or polygonal in 
shape, and are distended 
with fluid fat. The nu- 
cleus and protoplasm are 
so compressed against the 
cell- wall by the fluid con- 
tents, that although their 
esastence may often be 
demonstrated by treatment with reagents, they^ are 
usually only readily visible when the cell is atrophied 
and contains less fat. (See Fig. 4 a.) The connective 
tissue, which Varies in amount, nsuayy unitei^the cells 
in masses or lobules of various sizes, an4 also in most 
cases j^rms a thin capsule around the tumour. Blood- 
v^sels are distributed in the flbrous septa« 


Fio. 32. 



Lipoma. {Some of the culls contain 
cry's tallised fatty adds, x 200. 
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Development. — l%e lipomata grow from connective 
tissue. Adipose tissue, it must bo remembered, is merely 
connective tissue containing numerous cells which are 
infiltrated with fat ; and its growth consists, either in the 
infiltration of more of these cells, or in a proliferation 
of the ceils, and an accumulation of fat in those n^jwly 
developed. A lipoma in the same way originates by a 
localised proliferation of cells, which as they are produced 
become infiltrated with fat. The growth of these tumours 
is always very slow, and they'are usually encapsuled by a 
layer of fibroiis^tissue. 

Secondary Ckanges.— Secondary changes in the lipo- 
mata are not common ; their fibrous septa may^ however, 
become calcified, 9r oven ossified, and the fatty tissue 
undergo a process of lu^uefaction. Softening may also 
occur from a mucoid change. Inllamniation^of these 
tumours is rare, hut when situated in the subcutaneous 
tissue the skin over them may become adherent and 
ulcerate. 

Tjiysical Characters, &c.~Tho situation of the lipo- 
mata is almost co-extensive with that of adipose and 
connective tissue. They occur most frequently, however, 
in those parts in which fat is normally mot with, as in 
the subcutaneous tissue and the inter-muscular septa. 
They are also occasionally developed in the subsynovial 
and,.s,ub«erous tissues, in the submucous tissue of the 
stomach and intestines, and even in internal organs. 
They sometimes attain an enormous size. They are more 
or less lobulated, and are usually surrounded by a fibrous 
cjipsule w[iicFsq)a them from the adjaticnt structures. 
On section they present the ordinary appearance of adi- 
pose tissue. Their consistence varies with the amount of 
fibrous tissue which they contain. They are usually 
single, although not unfreqnently multiple. In their 
growth tliey occasionally become pedunetdated. 

Clinical Charactehs. — Clinically, the lipomata are 
perfectly innocent. 



CHAPTER XV. 


THE BNCHONDEOMATA. 


The Encliondfoinata are ttunours histolBgically resem- 
bling cartilage. 

Stuucture. — Like cartilage they con sist of cells 
an intercellular substance, which present all the varia- 
tions ob^rved in the normal tissue. The inter cel lula r 
substance may be hyaline, faintly or distinctly fibrous, or 
mucoid. When fibrous, the fibres in,ay bo arranged like 
those of fibro-cartilage, or more or leas concentrically 
around the cells, as in the reticular cartilages of the ear 
and larynx. {Tig. 33.) When hy- 
aline or mucoid, it is sometimes 
quite soft in consistence. The cells 
very numeroim^ oTfe w in 
-4^ " proportion “to the mtTtrix, They 
- are rbundpr oval, and qccasm^^ 

' terahched and stellate, lii Iheliy- 
'' aline forms %ey are usually large 

Fibrous 2Moa<iro7m, and round or oval (Fig. 34); in 
the fibrous forms they are often 
smaller and even somewhat spindle-shaped, more re- 
sembling those of connective tissue; and in the rarer 


mucoid forms, they are more commonly stellate ejad 
branched, like those of the umbilical cord. They are 
eitliex single Disarranged in groups, and are usually sur- 
rounded by a cipsule, as in normal cartilage, although 
this, is often very indistinct. They enclose one or more 
nucl^and slightly granular contents; Boine|uiies a cell- 



THE ENCHONDROMATA. 


133 


wall cannot be distinguished. In addition to the inter- 
cellular substance, the groAvth is usually divided into 
several lobes by bands of fibrous tissue, in which are con- 
tained the blood-vessels. 

These lobes are often 
very distinct, so iithat the 
growth appears to be 
made up of several sepa- 
rate tumours. The fibrous 
tissue in most cases also 
encapsules tl%3 growth, 
and separates it from the 
surrounding structures, 
althoxigh sometimes this 
encapsulation is -absent, 
and the tumour is^ sur- 
rouiided by a zone of embryonic cells, which infiltrate the 
adjacent tissues. * 

D EVELOPMENT. — ’^^euchondromata most frequently ori- 
ginate from bone and comnmn connective tissue, very rarely 
from cartilage. Cartilage itself, and especially fibrous 
cartilage, is very closely allied to common connective 
tissue. It grows from the deeper layers of the i-)erichon- 
drium, which proliferate and form an embryonic tissue ; 
the young cells be<jome cartilage-cells, and these pro- ^ 
bably form the matrix, which is either homogeneous or 
fihrillated, constituting in the one case hyaline, and in 
the other fibrous cartilage. The development of enchon- 
droma from connective tissue is precisely similar to the 
physiological progress. 

In the development of enchondroma from osseous tissue, , 
the medulla is the source of the n ew gro.wtb> This pro- 
liSrateirtEe ossebiis Irabeouise are absorbed, the neigh- i 
bouriug medullary spaces open one into the other, and in < 
this manner a laiEge meduflarj cavity is produced. In the 
centre of this, tiie young cells first formed enlarge and 
become, separated by a homogeneous, or less frequently, 
slightly fibrillated intercellular substance, and thus is 





Hyaline JCnchondroma^ x 200. 
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produced a mass of cartilage in the centre of the medul- 
lary tissue. This gradually increases till ultimately a 
layer of librous tissue is formed around it, and its further 
growth takes place from the tissue of its capsule. 

Lastly, cartilaginous growths may originate from caiti- 
lage Jtself. Those are sometimes seen oni;he surface of the 
articular cartilages, in the larynx and trachea, and on tlie 
costal and intervertebral cartilages. They are simply 
local outgrowths from pre-existing cartilage. They rarely 
attain a large size, and in structure and physical charac- 
ters more closely resemble normal cartilagef.than the other 
forms of enchondroraa. They are usually described as 
enchondroaeSi and must be distinguished from the other 
forms of cartilaginous tumour. 

Secondary Changes.— Of these/ calci fication is much 
the most" common. It affects different pai:i;3 of the 
growth, commencing in the capsules, and then involving 
the intercellular substance.^ .Ossification also occasionally 
occurs; it commences at separate centres, and spiculm 
of bone are formed which traverse the tumour in various 
directions. Fatt^ degeneration and ^mcdid softening ai’e 
common changes, ahdlmayTeaS to the foimalioii of large 
softened masses v'hich present the appearance of cysts. 
In rare cases the skin covering the tumour ulcerates, and 
a fungating mass protrudes. ^ 

VaihIjties. — The varieties of cnchondroma depend 
mainly upon the nature of intercellular substance. 
1’here are thus hyaline, tihrods, and mucoi d ench ondTp- 
mata; these, however, are^ usually combined in various 
degrees in the same tumour. As a rule, those ori^nating 
^ from the medulla of bone are of the hyaline and mucoid 
class, whilst those originating from connective tissue in 
t other situations arp more frequently fibrous. The rapidly- 
growing fibrous forms approach very closely the confines 
of the sarcomata* the' mucoid forms the confines pf the 
myxomata; and these two kinds of growth are often 
associated in the same tumour. 

/ A variety of enchondroma has been described under 
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the name of osteo-cTiondnma, which in strncture more 
closely resembles bone than cartilage. It consists of a' 
tissue similar to that met with between the periostctiin 
and bone in rickets, w'hich from its resemblance to osseous 
has been called osteoid tissue. This tissue only requires 
calcifying to become true bone. Like bone it is m^d o up 
of trabeculaj and medullary spaces, but the trabectilte, 
instead of bone-corpuscles and lamella3, consist of small 
angular cells without a capsule, situated in an obscurely 
fibrillated matrix, which in part is calcified. The medul- 
lary spaces contain a fibrous stroma and many blood-ves- 
sels. The osteo-chondromata, although consisting niainly 
of this osteoid tissue, contain also a small i)roportion of 
cartilage. They originate beneath the periosteum, their 
common seat being the ends of the long bones. Their 
growtli is very rapid, and they often attain an enormous 
size. They are much more freely supplied with blood- 
vessels than the ordinary enchondromata, and hence they 
are much less frequently the seats of retrogressive changes. 
They are especially prone to become ossified and converted 
into true bone. 

Physical Guaeacteks, &c. — ^The. enchondromata occur 
ej^lj life. About three-fourths of 
them are met with in the osseous system, where they 
grow either from the medulla or ’frbm tEe periosteum. 
Theirjfayourite scat is the fingers, and toes. The remain - 
ing fourth occur most frequently in the p arotid gland 
^d in the testicle. They occasionally grow in the~mter-,| 
muscular sepVar^i^^ the subo:atanjpus cdluljij^^^^^^^ ^pf5 
the mamma, and in the lungs. They are usually i^ing le. j 
except when occurring on the fingers and toes, in which 
situations they are inore frequently multiple. They^con- 
sls t of a single tumour, or of several^smaller ,t^^ 
iteid together l^lSbroim ris^^ The more slowly growing^; 
^cEohdromata-t^^^ Qjasj/c tumours, often , 

lohulated,^a^ j|el^m exceeding size o| an orange. 
CessTrequently these tumours grow very rapidly, are • 
quite soften consla^nce, and attain a largo size. 
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Cli^jical CiiAHACTETis. — The enchondromata must for 
the most part he regarded as innocent growths, lliey 
are usually encapsuled, and inmost cases produce merely 
local ctFects, although these, from the j)arts involved and 
the rapidity of growth, are often very injurious. The 
softer forms, however, and especially those which occur 
in tfie medulla of hone and in glands, occasionally ex- 
hibit malignant characters. These grow the most rapidly, 
and are often not limited by a fibrous capsule, but sur- 
rounded by a zone of embryonic tissue. Stjich tumours 
tend to recur locally after removal, and iuij-are cases also 
infect the lymphatic glands, and are reproduced in the 
lungs, fii speaking of the malignancy of these enchon- 
dromata, it must be borne in mind that they are soiuc- 
times associated with sarcoma, and the malignaut pro- 
perties are probably in all cases to be ascribed to the 
combination of sarcomatous with the cartilaginous 
elements. 



CHAPTER XVI. 


THE OSTEOarATA. 

The OateomQ.lKi, or osseous tumours, are tumours consist- 
of osseous tissue. A new formation of bone occurs 
under various circumstances. Irritative conditions of the 
bone and periosteum are often attended l:)y a large forma-^ 
tion of new bone. This is seen after fractures, in which 
there is not only a formation of bone from the bone 
itself, but also from the periosteum and adjacent librous 
structures (“permanent ’’and “ pi’o visional callus”). 
Obronic inflammation of the periosteum is also fre- 
quently follo wed by thickeniug of the hone beneath it. 
These, however, areThflammatory formatioUwS, and have 
not an independent growth like the osseous tumours. 

Structure. — Osseous tumours Tesemble in structure 
normal bone. There are three histological varieties : — 

1. Osteomata - consist of dense, 

osseous J^sue. The lamcllm are arranged con- 
centrically and parall'eT to the surface of the tuiiiour. 
There is a complete absence both of blood-vessels and of 
cancellous tissue. • 

2. Osteomata, — These are formed of a 

tissue similar to tEat of tEe compact tissue of the long 
bones ; difiering only in the arrangement of the Haver- 
sian canals and canaliculi, which is less regular than ini 
normal bone. ^ 

3. Tlie CaneelUb m Osteom ata,-— Them 1;on sist of cfUiufil- 

iQUS^OftseoTimJissue, wEich is usually surrounded by a thin 
layer of denser Toone. may contain 

embryo nic to s iie, a fi biilla.ted tissue, or fat. 



13S 


NUTEITION INCEEASED. 


Development. — Osseoua tumours originate from bp.pe. 
or its periosteum, from cartilage, and from connective 
fissue apart froin bone, 

Yabipities. — The osteomata are divisible .into two 
classes, according to their seat — ^the homolojiyu s osteo- 
mata# or exqsthseb',* and^ the het^logous osteomata or 
OstPOJpiTTjtGB. 

\ The kornolofjous, osicomata or exostoses, are outgrowths 
> from j)re-exiBting bone, growing either from the peri- 
osteum, from the articular cartilage, or from .the medulla. 
Those growing from the periosteum octur most fre- 
quently on the external and internal surfaces of the 
skull : the orbit is an especially fa>tourite seat, and here 
they are often dense and ehurnatedT* They are also met 
with on the scapular, pelvis, and on the upper and lower 
jaws, in the last-named’”si£uatioii they may" grow from 
ffeeTlental perioatenm. There is usually a line of demar- 
cation between them and the subjacent bone, the new 
tissue of the tumour being distinct from the compact 
tissue of the bone. The periosteum from which they 
grow covers them, and is continuous with that of the old 
bone. 

The exostoses growing from the articular cartilages 
ipccuT at the ends of the long bones. In structure they 
■^are much more cancellous than the periosteal growths, 
and their outline is less regular. The medullary exostoses 
— or 'more i>roperly, enostoses — arejbhe least frequent: 
they originate in the medullary tissue. ' 

The hetevolofjous osteomata or osteopivytes, originate 
apart from bone, growing from connective tissue. They 
“are especially liable to occur in tissues in the neighbour- 
>hood of bones, which are the seat of a chronic inflam- 
matory process, and they must in most cases be regarded 
rather as infl^matory formations than as tumours. 
Such formation^ of bone are sometime met with in the 
neighbourhopd of diseased joints and of diseased bone in 
other situations, in tendons, in the cartilages of the 
. larynx in chronic laryngitis, in •‘the costal citrtilages, in 
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the bronchi, in imiscle, in the arachnoid and pia mater, 
and even very occasionally in the lungs and brain. They 
must be distinguished from calcareous deposits, in which 
there is no new formation. (See " Calcareous Degene- 
ration.”) 

Clinical Characters. — The osteomata arc perfectly 
innocent tumours. Their growth is very ^low. They 
rarely attain a large size. They are often hereditary and 
multiple, in which case they usually occur in early life. 
These osseous growths ' which sometimes exhibit malig- 
njint charactoBS, are enchondromata or sarcomata wliich 
have undergone partial ossitication. From those, true 
osteomatfi must be carefully distinguished. (See “ Os- 
teoid Sarcoma.”) 



CHAPTER XVII. 


THE JHYXOMAT.V. 

The myxomata are tumours consjstii^ of mucous tissue. 
Atucous tissue is a translucent and succulei^t conuectfye^ 
tissue, the intei'cellular substance of which yields mucin. 
Physiologically, this tissue is met with in two forms, and 
in two situations : — one— in the vitreoua body of the eye, 
in which the cells are roundiifand isolated ; the other — 
»in the uni])ilical cord, in which the cells are fusiform or 
stellate, and give off fine prolongations which anastomose 
with one another. In both, the intercellular substance is 
homogeneous and yields "mucin. The connective tissues 
in their embryonic condition, as already stated when 
describing “mucoid degeneration,” possess an inter- 
cellular substance containing large quantities of mucin. 
This is especially the case with the tis^ie which subse- 
quently becomes adipose. New formations may undergo 
a mucoid change, and thus closely resemble in their phy- 
sical and chemical characters the myxomata. A myxoma, 
however, is a growth which consists of mucous tissue. 
The myxomata are thus very closely allied to the sarco- 
mata, and by many are included in the same class of new 
foraiations. 

. Stkcotuke. — The cells present the two varieties met 
with in the pfeysiofogTcal tissues. The majority , axe 
angular and s^late^, with long anastotnosing prolonga- 
^ons. (Pig» *15.) Others are isolated, and fusiform, 
oval,' or sphmcjIJn shape. They usually possess one, 
in some ^ases two distinct nuclei. Their contour is very 
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indistinct, owing to the refracting nature of the inter- 
cellular substance. The latter is very abundant, per- 
fectly homogeneous, of a soft gelatiniform viscid con- 
sistence, and yields large quantities of mucin : amongst/ 


Fig. 3.5. 



Myxoma, A mimito piece of a myxoma of 
the ami, showing the characteristic branched 
aiiawtumoHing colls. There are also a few 
leucficytes, and ouo or two spindle-shaped 
elements, x ‘200. 


it are a varying number of amoeboid cells. The blood- 
vessels, which are not numerous, are readily visible and 
easily isolated. A few elastic fibres are sometimes seen 
between the cells. 

Deveix)PMENT.~- The myxomata always originate from 
one jDf Jiho connective tissues. Adipo se tissue is their 
most favpunte* Beat^mther*Tire subcutaneous, the sub- 
mucous, or the inter-muscular adipose tfssue. They also 
grow from the medullary tissue oTTionei” "the connective 
tSsue of organ^s, from the connective tissue of the brain 
and. spinal cord, and from the slieatTis of nerves. ’ Tlie^H 
are usually sepai^ted from the suirbuhdjifrg structures by 
a very thin fibrous capsule, fine prolongations from which 
ivide the ^owth into lobules of various sizes. In ex- 
ceptional ^ses they may increase by tho continuous 
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invasion of tlieir matrix. Their growth is usually slow, 
but they may attain an enormous size. 

SECONDAiiy Changes. — Of these the most common is 
rupture of the capillaries hmmorrhage, and the formation 
of sanguineous cysts ; this, however, is less frequent than 
in the sarcomata. The cells themselves may undergo 
mucoid or. fatty degeneration, and thus be destroyed ; 
this is usually accompanied by liquefaction of the inter- 
cellular substance. 

Vawetjes. — ^The varieties of myxoma depend prin- 
cipally upon its combination with other grow^ths. The 
most common is a combination with lipoma. Combina- 
tions with sarcoma, enchondrom% and adenoma, are also 
frequently met with. 

Physical Chauactehs, &c. — The myxomata are of a 
peculiar soft gelatiniform consistence, and of a pale 
greyish or reddish-white colour. Their cut surface yields 
a tenacious mucilaginous liquid, in which may be seen 
the cellular dements of the growth. They are most fre- 
quently met with in the later periods of life. Growing 
from the sheaths of nerves, they constitute one variety 
of so-called neuroma. . They may also grow from the 
placenta, constituting the “uterine hydatids.*' When 
situated in superficial parts they may become peduncu- 
lated. In the submucous tissue of the nose they consti- 
tute one fonn of nasal polypus. 

Clinical Characteks. — Clinically the myxomata are 
for the most part benign growths. If complei^ly removed 
they rarely recur. Sometimes, however, they exhibit 
malignant characters^ and recur locally after removal. 
They probably never reproduce themselves in internal 
organs. In speaking of their malignancy their occasional' 
association with sarcoma must be borne in mind. 



CHAPTER XVIII. 


THE LYMPIIOMATxV. 

Lymphoma, or Lympliadenoma, is a new forraa-tion 
consisting of lymphatic, or. as it is sometimes called, 
adenoid tissue (the “ adenoid tissue** of His). Lym- 
phatic ' tissue is the tissue ,comi)osing the follicles of 
the lymphatic glands and the Malpighian corfjiiscles 
of the spleen, and existing in many other parts be- 
longing to the lymphatic system. This tissue is now 
known to have a much more general distribution than 
was formerly supposed; it not only constitutes the fol- 
licles of the lymphatic glands and the Malpighian corpus- 
cles of the spleen, but a^p^Peyer’s glands and the solitary 
glands of the intestine,, the follicles of the pharynx aAd 
tonsils, the Thymus ' gland, and the trachoma glands of 
the conjunctiva. Recently it has also been found to exist 
in many other Situations, as around the blood-vessels of 
the pia mater and of other parts^ ’i?ig.hboiirhood 

of the snialle.st bronchi, in the Jglenra immediately be- 
neath its endothelium, in the peritoneum, injtbe mucous 
membrane of the a.limentary canairnhS in the medulla of 
bone. 

Stetjctueb. — Lymphatic tisstte, wherever it exists, pos- 
sesses the same general structure, and the follicle of a 
lymphatic gland may be taken as the type, hot only ofj 
:the physiological tissue, but also of the pathological 
growths. 

This tissue consists ess entia ll y of a delicate reticulum, 
within the meshes of which are confaineT biimerous 
lympKatib jlements-;— t£e so^caHedlympb-ib^usclVs* The 
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reticulnm is tnade up of Tory Rue fibrils which form a 
close network, the meshes of which are only sufl&ciently 
large to enclose a few, or even a single corpuscle, in each. 
The fibrils usually present a more or less homogeneous 
appearance, and nuclei are often to be distinguished at the 
angles of the network (Fig. 36). The lymphatic cells, or 

t 

Fio. 36. 



LympImm.^K thin section of a lyrophomatoiis 
tumour of .ttie iiiedii'tstiuuin, from which most of 
Iho colls haro' been removed by pencilling. Show- 
ing the reticulated network, and the uucli*i in its 
aiiglcfi. This network is. much coarsor 1hnr^ +iw.» 
often mot with, x 260. 

lymph-corpusclea, which constitute the greater part of the 
tissue, cau in most cases ho readily removed from the 
meshes of the reticulnm by the agitation of thin sections 
in water. They are identical in tl»eir characters with the 
white cells of the blood. As usually seen after death, they 
are spheroidal, pale, semi-transparent bodies, "^Darying 
considerably in size, and also presenting slight diKrences 
in their structure. Some are |;ranular, and appear io 
possess no nucleus ; in, others, a distinct, simple, or com- 
pound nucleus is Visible, which is usually also granular ; 
others arc much largeV,’ an J contain two dr eycn^ 
jj^hree nudifi^ (Fig. 37). • 

The' characters of the lymphomata, how- 

ever, vary cdusiderably, according to the age of tho growth 
and the rapidity of its development. In tlie earlier stages 
. of development* and when growth is taking fplace very 
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»pi%, the ‘proportion of cells is great, and manv of 
these are much larger than those normally met with in 


Fig, 37. 


^ ^ 'n 3 
4) 'D ** 




Th^ CS.e“ Kf 

. larger Semenis. x 8!o”«‘“ <>« 

lymphatic gl^ds, containing two, or even more, nuclei 
whiehTl*™ and also in all tumours in 

J^on of rr* has been slo~r " 

^rtion of cells is smalfer. and the reticulum constitutes 
ore prominent part of the growth. (Fig. 38.) The 

PlOe 3S. 



reticulum, within the 

lymphoid cells are grouped, x 200.^^'^^ 

larger cell-forms also are almost entirelv wo«+- 

«» of i^,SS&£i.‘t 
much coarser, and forms a network of bro«H ? 

S Fi^M f^Tir ^'*hin its meshes. 

(Sea Fig, 28.) These venations in the proportion of 
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.corpuHcles and stroma are precisely analogous to those 
met with in lymphatic glands as the result of acute and 
chronic inflammation. (See ** Inflammation of Lymphatic 
Structures.”) 

Development. — ^The lymphomata originate for the most 
part from lymphatic tissue, _ being simply overgrowths of 
pre-listing lymphatic structures. They are, therefore, 
usually homologous. They may, however, be heterologous, 
either owing to the new tissue extending considerably be- 
yond the confines of the old, or to its growth in situations 
where it is normally almost entirely wanting. This latter 
condition obtains in Hodgkin's disease, and in certain 
forms of lymphoma which are malignant, 

Seconjmry Changes. — The lymphomata do not un- 
dergo marked retrograde changes. There is no fatty de- 
generation, caseation, or softening, such as occurs in 
scrofulous glands. 

Physical Charactebs, Ac.-— The physical characters of 
the lymphomata vary according to the rapidity of their 
growth. The rapidly-growing forms, in which the cellu- 
lar elements are so numerous, are of a greyish- white 
colour and soft brain-like consistence, much resembling 
ehcepbaloid cancer. These often attain an enormous size, 
and infiltrate the neTgEBounhg structures. They have 
called by Virchow lyinpho^Barcyma, Those which 
are more slowly develop^, and in which the reticulum 
constitutes the greater portion of the gro>|^h, are much 
harder in consistence, sometijnes being almost carti- 
laginous. These harder growths rarely attain a large 
size. 

Clinical Ohara ctebs. — Clinically, ‘the lymphomata' 
are, ‘/or the most part, perfectly innocent tumours. They 
originate most frequently in the lymphatic glands, the 
'gland undergoing a continuous increase in^ size. Some^ 
times en]ar|pment of the glands a.]j|pears in the first , 
place to be of an inflammatory nature, and to re^lt from 
some (rritation, but upon this being removed the .glands, 
instead of subsiding, conti]]|ie to increase. ' 1 q most cas^ 
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however, no such source of irritation is discoverable. 
T%e glands which are especially prone to this disease, are 
the cervical, th^ submaxillaij, the axillary, the inguinal, 
the bipnchial and media^^Jal, and the abdominal glands. 
Usually only a single gland or a single group of glands is 
affected ; sometimes, howevei^ the growth is more general. 
As the glands enlarge, they gradually unite, so that 
ultimately they may form ^ory large lobulated tumours. 
When occurring in the mediastinum they may invade 
one or both lungs, and they* constitute here the most 
common foim jf mediastinal tumour (so-called “ Thoracic 
Cancer**). The lymphatic structures in the intestine may 
in the same way become enlarged, and project so as to 
form polypi. The enlargement of the spleen in ague,/ 
is also probably of the same nature. > 

The lymphomata occasionally, however, exhibit malig- 
nant properties. This is especially the case in those 
richly cellular, soft, rapidly-growing forms which are 
sometimes met with. Such growths may rapidly infil- 
trate the surrounding structures, involve the neighbouring 
' lymphatic glands, and even jnfect distant parts. It is to 
these malignant forms that the term hfmpliadenoma is , 
commonly applied. They probably correspond with 
Virchow's lympbo-sarcoma. 

In the condition known as “ Hodgkin’s Disease,” and 
in Leukmmia, lymph omatous growths are met with in 
various parts pf the body. 

HOBGKl»'S DISEASE. 

’ This disease is cHaracterised by the enlargement of the 
lymphatic glands in various parts of the body, together; 
with the development of lymphatic growths in in-t 
temal organs, especially in the spleen and liver. Thtt|3 
new growths ar^ precisely similar, hiStologically, to \ 
lymphoma. ' 

;The disease was formerly describe by Hodgkin, Bright, 
^Bks, and J^rousneau, and wa|icalled, afterthe Erst-named 
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of these observers, Hodgkin’s Disease.'* Trousseau desig- 
nated it “ Addnie.” It is also known as “ Ana3inia Lym- 
phatica.” Kecently its characteristics have been more 
fully determined by MM. Cornil and Ranvier, and by 
Drs. Murchison* and Sanderson, to whose descriptions 
the Reader is referred lor ^moro complete information 
respecting it. 

Histologically, the-mew gro^^hs are precisely similar to 
those met with in feukasmia. The disease differs essen* 
tially, however, from leukmmia in this respect, that the 
now formation of lymphatic tissue is not associated with 
any notable increase in the number of the white cor- 
puscles in the blood. 

The lymphatic glands are usually the earliest seats of 
the new growth, and here it differs in no respect histo- 
logically Irom the lymphomata. At first it may be 
limited to a single group of glands ; subsequently, how- 
ever, the process becomes more general, and the glands 
throughout ^he whole body may be more or less involved. 
The glands as they increase in size gradually become 
confluent, so as to form large lobulated tumours, and the 
new growth, which takes place in the earlier stages within 
their capsules, often ultimately ciztends so as to infiltrate 
the surrounding structures. 

This new growth of lymphatic tissue, which commences 
in and often extends beyond the confines of the lymphatic 
glands, is ultiniately followed by the formation of lym- 
phatic growths in various internal organs, but Minore es- 
pecially in the spleen and liver. In the spleen, the Mal- 
pighian corpuscles become enlarged and form greyish- 
white nodules and mas.sos. The kidneys, lungs, stomach, 
mu8<de, bones, and subcutaneous tissue may all become 
^involved, the new growths occurring either as nodules of 
Marions sizes Bettered through the organs, or in a more 
infiltrated formf like many of those «met with in leu- 
kaemia. 


« *^Tr»D8. Path. Soc. Lond./^ vole. zz. aadezzf. 
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In their physical characters the new growths vary. 
They arc sometimes of a greyish-white colour and of a 
soft brain-like consistence, yielding a milky juice which is 
rich in cellular elements precisely resembling leucocytes. 
In other cases they are much firmer in consistence, and 
they may be as hard as an* indurated lymphatic gland. 
These differences depend upon the relative proportions of 
the cells and stroma. They have but little tendency tu 
undergo retrogressive changes. 

Tliis disease^ like Hodgkin’s disease, is characterised 
by the development of lymphomatous tissue in various 
organs, but especially in the spleen. The growth of this 
new tissue, however, is associated with a large increase in 
the number of the white corpuscles in the blood. It is 
this alteration in the blood which gives leukaemia its dis- 
tinctive characters — hence its name. The disease will be 
considered subsequently, when treating of “ Diseases of 
the Blood.’^ 
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THE MYOMATA, NEtJBOMATA, AND ANGIOMATA 

TH£ MYOMATA. 

The myomata are tumours consisting of mnaoular tissue. 
A new formation of muscle bks been already described 
as being frequently associated with the ordinary process 
of hypertrophy, ^th of striated and of non-striated 
muscle — a simple hyperplasia of the elements of the 
muscle accompanying the increase in their size. (See 
“Hypertrophy.”) ^ 

Structube. — ^The myomata consist either of striated or 
of non- striated muscle. The ^oriner are exceedingly raiOj, 
jonly two or three exam^es having 'Been recorded, and 
jthese were congenital. 

The myomata of noTi-struUed muscle consist, like the 
physiological tissue, of elongated spmdleTcelis with rod- 
shaped nuclti, more or less isolated or grouped into f|i8- 
cieuli of varbiisi sizes, with a varying quantity of oim- 
nectivc tissu^ The connective tissue isoilen exceedingly 
abundant, especially in old tumours, so much so, that 
these growthejn the uterus — where they most frequently 
occur — have c^monly been known as ** fibroid** tumours. 
The muscular ^elements either present a more or less 
^regular arran^ment, or pass in a^l directions through 
*fiie tumour, 'jfee bJood-Vossels, which are usually hot 
numerous, are wtributed in the conne<!tive tissue. 

PEVEixjpaBNTO^ The m y om ata probably always qtigi * 
from nQiu^,Ql| they are, therefore, homologous growths. 
They may foria distinctly circumseribed ttSupur? ^ur- 
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rounded by a fibrous capsule, or constitute ill-defined 
irregular masses in the midst of tbe muscular tissue in 
which they grow. They not infrequently become pedun- 
culated and form polypi, especially in the uterus. 

Secondary Changes. — Of these^ the most frequent is 
calcification. Haemorrhage, mucoid softening, an^ the 
formation of cysts, a^e also occasionally met with. 

fiybmafe are met with in the uterus. 

They may also oe^r in ^ e^i^dstate, in the oespphagus, 
and in the stomach ^^d intestinesT“^ " 

Myoma of Uterus , — The uterus is by far the most fre- 
quent seat of myomata, and here they constitute the so- 
called “uterine fibroid.” In most of these muscular 
tumours of tlie uterus there is a large proportion of 
connective tissue — hence the term “fibroid.” This is 
especially the case in older growths. Those newly deve- 
loped, however, consist almost ‘entirely of true muscular 
tissue. They either form firm hard masses, imbedded in 
the uterine walls, or project intd the uterine or abdominal 
cavities. When projecting into the uterus they consti- 
tute a common form of uterine polypus. These tumours 
are often multiple. Their growth is slow. The older 
ones are liable to become calcified. They also sometimes 
undergo mucoid softening which gives rise to the forma- 
tion of cysts in the tumour. 

Clinical Characters. — Clinically, the myomata are 
perfectly innocent. 

THE neuromata. 

ft 

The neuromata are tumours consisting almost entirely 
pljaej^e^tiss^ The term “neilronia” has been applied 
to many growths found . in connection with nerves : — 
fibrous, niyxomatouB, sind gummy tumours growing with- 
il^ the nerve-sheath have beeU included^ under this heMi 
True neuroma,* however, is rarely il^et with, and is 
amongst the least frequent of all the neyr formations. 
Stbuoture. — ^T bo neuromata most commonly 
pr^naty mednllate d harve-fibEse^ |hey therefore te- 
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semble in structure tlie cerebro-spinal nerves, from which 
t>iey most frequently grow. The nerve-fibres are asso- 
ciated with more or less connective tissue. "V irchow has 
also described, as exceedingly rare formations, tumours 
composed of non-medullated hbres, and of ganglionic 
nervertissue. 

Develofmekt. — The neuromata ^Iwdys originate from 
pre-existing nerve-tissue, — either from the cranial or from 
the spinal nerves. Their growth is slow, they rarely 
attain a large size, but usually exist as small single 
nodules. « 

The most frequent se^ of these growths is the^ejrtre- 
nntiVs of divided nerves, where they are sometimes found 
after amputations. They exist, in this situation, as sphe- 
rical or elongated enlargements of , the divided extremity 
*of the nerve ; and thby are usually intimately connected 
with the cicatricial tissue of the stump, from which they 
can only with difficulty be isolated. They may also occur 
ill the course of the nerves in any situation, either as 
single or multiple nodules. 

Clinical Ohaiiactbhs. — Clinically, the neuromata are 
perfectly innocent tumours, ^ey often cause consider- 
able pain. 

TJIB AiJGIOMATA. 

'Jhe angiomata, or vascular tumours, are tumours con - 
sisting of blood-vessels held together by a small amount 
of cxinnective tissue. include yaw 

Tiievi, the erectile tumpurS;, and aneurism by anastomosis. 
They may be divided inix) two classes — ^the 
mata, in which the new teasels resemble normal arteries, 
veins, or capillaries; and the pavemouf^ automata, in 
which the blood Circulates in a cavernous structure similar 
Hif that of co^us cavemosum penis^ 

i^^Gioaif^TA. — These thfe various forms 

of jLfgyi, and telai|gie<ite(ei8. They consist, of tor^qptjua»ttd 
"^dilated. blood-vessels, held together by a small quantity 
of connective and "adipose tissue; 'The vessel^ are most 



THE AHaiOMATA, . , 153 

of them of new formation { some, however, may be the 
original vessels of the part which have become consider- 
ably enlarged. They most commonly partake of the 
nature of capillaries, but in other cases the arterial or 
venous characters predominate. These growths are 
usually small# superficial, slightly elevated masses ; 
although they sometimes form larger tumours. Their 
colour is red, violet, or purple, according to the character 
of the blood which th^ contain.' The first-named is 
much the most frequent. 

Cj^vEKNOus, Anoiosiata. —These include the venous 
vascular tumours, erectile tumours, and aneurism by 
anastomoslsi They consist of an erectile cavernous 
tissue, closely resembling that of the' corpus cavernosum 
penis. The growth is made up of irregular fibrous 
-alveoli,, which communicate freely with one another, and 
are lined with an endothelium similar to that of the veins. 
These spaces are distended with blood, usually venous, 
which is supplied to them by numerous tortuous vessels, 
and circulates in them with varying degrees of rapidity. 
These growths are commonly of a bluish colour. They 
may be difiPuse, or form distinctly circumdcribed tumours. 
They often exhibit distinct pulsation. Their favourite 
seat is the skin and subcn^neous tissue" ~ Ti^ey may 
aWbccur m thie ortnt, in muscle, anil in the liver, spleen, 
and kidneys. 




Showiug a single enlarged papilla. (Hinddeiseh:) 

teminate in a capillary neiwork or in a single capiUftry 
I Io6|»;?tbe whole being enveloped in a ooverifig of epith^« 
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lium. (Fig. 39.) Tho epithelial covering varies in cliarac- ' 
ter in different growths. In those ol' the skin, it is often ' 
very abundant, and the superficial layers are hard and 
stratified, forming a dense firm covering. In those ; 
originating from mucous surfaces, the epithelium forms a ' 
thinner investment, and is of a much softer consistence; 
whilst in tliofe Ip'owthg from serous membranes it often 
constitutes omy a single layer. ^ 

The growth may be simple — consisting merely of en- 
larged papillee, as in a common wart ; or it may be more 
complex, the papillae being very numerous, and giving off 
secondary and tertiary offsets. If the investing epithe- 
lium be very abundant, it may so enclose the whole 
mass as to give to it a more or less , regular outline. 
More commonly, however, this is not the case, and the 
epithelium not being sufficient to fill up the spaces 
between the papillm, the growth presents a branched, 
villous, or cauliflower appearance. The blood-vessels 
are often very numerous, and ‘ are sometimes dilated 
and tortuous. 

Development. — Tlie paggHlomata always originate, from 
s^, from m^f^^ or from serous membranes. They 
most frequently gmw ftbin pre-e^^ papillae; some- 
times, however^fhey occur where no papill® exist, spring- 
ing directly from the sub-epithelial connective tissue : — 
this is the case in the stomach and larynx. Their growth 
is usually slow, individual tnmonrs rarely attain a 
very large size, the larger forms being for the most part 
constituted of several ampler growths. 

Secondary Ghangiss. — Of these, ulcerat ion and hmmpr- 
rhage are the most frequeni. They occur especially in 
those growths which i^ginate from mucous surfaces. 
The hmmorrhage is often very abundant, and may even 
endanger life. This is not unfrequently tho case in th^ 
papillary growths the bladder and inteStine. 

VARtETjES. — ^The varieties of papillary tumours depend 
prinoipnlly tipon their seat. Those growing , from the 
skin iiiclnde!®wa/^s and homy growths. Warts ^e firni« 
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ha ve a d ense epithe lial covering, and are less prone to 
ulceration and haBmorrhage than those growing upon 
other parts. Hor^ growths appear nsually tg^ origina te 
m the sebacwus fi^^i^%y”a* con proliferation of 

their epithelium. The epithelium, together with the 
eeb^iceous 'secretion, forms a projecting horn, which in- 
creases by growth at its base. Such formations hardly- 
come within the definition of ]>apilloma. Larger and 
more vascular papillary tumours may, however, occur on 
cutaneous surfaces — such are the eondylomaia and vene^ 
real warts met with around the anus* and upon the 
external male and female genital organs as the result of 
irritating secretions. 

. The papillomata of mucous membranes are softer and 
\ more vascular than the preceding, they have a less dense 
' epithelial covering, and are more prone to ulceration and 
haBmorrhage. Many of them come within the category 
of mucous polypi. They are met with on the tongue, in 
the larynx and nose, on the gastro-intestinal mucous 
membrane, on the cervix uteri, and in the bladder. In 
the bladder and intestine they are often exceedingly 
vascular, and give rise to profuse hmmorrhage. Here 
they are not unfrequently confounded with villous epi- 
thelioma. 

Papillomata of serous membranes never form distinct 
tumours. They are met with most frequently as small 
outgrowths from the synovial membrane in chronic 
diseaseaof joints. 

CuNiCAL CuAiucnsRs. — ^^ClinicaRy, the papillomata are 
innocent growths. They may, however, prove^fatal from 
continuous ulceration and haemorrhage : this is especially 
the case, as already mentioiild, in papilloma of the 
bladder and intestine. In these situations they are easily 
‘Mistaken for epithelioma; the symptoms of both are very 
similar, and ir is ofben only after death that they can be 
{ diatinguished. In the papillomata the epithelium is 
! homologous, being situat^ only u^on the sui^ace of the 
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papillae, and in no case growing within their connective 
tissue basis. In the epitheliomata, on the other hand, , 
it is heterologous, and it is met with at the base of the ! 
tumour in the subjacent connective tissue, (See Fig. 60 .) ! 
It is important to remember that a growth which isj 
primarily a simple papilloma may subsequently became * 
an epithelioma. (See Epithelioma.”) 



CHAPTER XXL 

THE ADENOMATA. 


The Adenomata — or as th^ are more commonly called, 
g1^ndi,dar_ tumours — are new formations gland-tissae. 

Structure. — I n stru cture tne adenom^a r esemble tjife 
^emose or tubular gla nds. 

The racemose adenomata consist of numerous small 
saccules or acini, l ined with sniyTrepitlm^ cells, which 
are often two or thrijfi The acini communi- 
cate with each other, and are grotiped together, being 
merely separated by connective tissue, in which are con- 

Ati ^ 



' Adenoma of tho Mdmm h x 300 . (Hindfloisch 
0 

•tamed the bldod-vesscls. (Fig. 40.j^ The conneciive 
tissue varies in amoitnt. It may resemble the nprmal 
j^lssue, pr if growing rapidly it will be much more richly 
ceJltlkEir*^ ..It sometimes contains spindle eleuenta. 
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Many new growths, however, contain a large amount 
of this gland-tissue which are not strictly adenomata. 
All growths originating in glandular organs may be asso- 
ciated with more or leas glandular structure. In the 
mamma, for example, sarcoma, myxoma, and other forms 
5f tumourpr^de often so intermingled with the glsyid- 
tissue of the organ thal it becomes difficult to say which 
is the predominant structure. In many cases it is evident 
that the development of such tumours is accompanied 
by an increase of the gland-tissue amongst which they 
grow. Thus ar|5 produced mixed forms — adeno- 
adeno^myxomat <fec. 

The tutml ar adenomata grow from mucotis m embr ^es. 
a nd cpiisist of grbupa of tubu l es lined witlij ssithelium^ 
They will be again alluded to hereafter. 

DjiVEiiOpMENT.— The adenomata always originate from 
pre-existing gland-structures, of T^ch they "are simply 
local hyperplasias. " TEeir growth, which is usually slow, 
takes place |jy the development of diverticula from the 
saccules or tubules of the gland, and by a proliferation * 
of the enclosed epithelium. The new growth may remain 
in intimate relation with the adjacent gland, or it may 
ultimately become separated from it by a fibrous capsule. 

Secondary CifANQKs.—J^jDoost frequent of these is 
faf ty deg^en^fttion of the epithejiurni, which may give rise 
to £he formation of small caseous masses in the growth. 
Dilatotion of the saccules and jtpbules so .as^to fornj^cysts, 
mucoid softening, are also co.mmpD.^ 

Varieties! — AdmoiAa of The, mamma is 

much the most commop seat of adenoma. "Bef two . 

musT W’dSfin^^^ which there is 1 

a general hyperplasia of the whole gland ; the otljpr, in ; 
which the process is limited to smaller or larger groups 
of lobules. The former constitutes hypeitrophy of 
mamma, the latter els the ohronie ^wjnvmhry or adenoid 
tumour. . Pure adenoma of the mamma, however^ is not 
common. (See Fig. 40.) Many tumours in this situation 
described ast' adenomata are fibrous, ^sarcomatous, or 


sarcoma:^ 
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in7:comatoiiiii growths in which is contained a varying 
of gland-tissne. The distinction between such 
^ growths and pure adenoma is often difficult. The adeno- 
imata are either superficially or deeply seated in the 
I gland, from which they are usually separated by a loose 
‘ fibi^pus capsule. They are common^jrqund or ov^l j n 
shape , Ipbglgjr, anj^f a h^ij ^ati c consistenc e. \On 
^‘section they often present a lobulated appearance, their 
I racemose structure being sometimes visible to the naked 



THE ADENOMATA, 


16J 

active changes, and forms a fibro-cellular, spindle-celled, 
or round-celled structure, amongst which the ac^i are 
embedded. (Fig, 41.) In many cases it is difficult to 
determine whether the glandular structure is really in- 
creased in amount, whilst in others it is so abundant 
that such is evidently the case. These tumours $orm 
lobiflated masses of a firm consistence. They grow 
slowJy, and rarely ulcerate, Tn most cases they contaiil^ 
cysts. Many of these are lined with cylindrical epithe- . 
lium and are formed by the dilatation of the ducts of 
the gland; otjjiers appear to originate from localised 
softenings of the tissue. These cysts are usually very 
numerous, and they often attain a large siise. They are 
frequently seen much flattened, so as to present the 
appearance of Assures running amongst the growth. 
In other oases they are more or less completely filled by 
masses of th^tumour whiph have grown into their in- 
terior. This formation of' cysts in these tumours has 
given rise to the terms cystic-sarcoma, cystic-adenoma, &c. 

Adenoma of Mucous Memhrayies, — The glandular 
structures of mucous membrane are also common seats 
of adenoid growths, and here they are usually of the 
tubular variety. In the nose, the pharynx, the stomach, 
the intestines, the vagina and uterus, these growths are 
sometimes met with. lu. course of time they usually 
gradually project above, the Surface of the membrane so 
as to form a polypus, and thus constitute one of the 
forms of mucous polypi. In consistence they are soft 
and somewhat gelatinous, and often present, a semi- 
translucent appearance. Their surface resembles in 
colour the surrounding mucous membrane, llio forma- 
tion in them of cysts, by the dilatation of their tubules, 
is exceedingly frequent : the cysts usually contain a soft 
mucoid eubstance. Adenoma of/mucous membranes ofteiT 
li}e<^me cancerous.^ (See ** Cylindrical BJ^ithelioma,” or 

Adenoid Cancer.’*) 

OLtNtcAXf 'OflA.BACxniiLS. — OHnically; tjhe adenoiUata are 
perfectly inrgwentj they are, Wwever, very liable to .be . 

■'ii-- 
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confounded witb growths possessing malignant proper- 
ties. tumour, also, which is primarily a simple 
adenoma, may subsequently become cancerous. The 
anatomical distinction between cancer of a gland in its 
earlier stages and a simple glandular tumour is often 
exce(jdingly difficult, especially in the mamma and 
mucous membranes. In cancer the growth appear! to 
commence by a proliferation of the epithelium within 
the ducts of the gland, and as the epithelium only sub- 
sequently becomes heteroplastic, the determination of 
the nature of the tumour in this stagQ^ is necessarily 
attended with considerable difficulty. This will be again 
alluded to when speaking of cancer. (See “ Structure 
of Carcinoma.’’) In sarcomatous tumours, again, ori- 
ginating in the connective tissue of a gland, the ducts of 
the gland, hlled with epitheHuQi, are often seen embedded 
in the new growth, and thus the appearance of adenoma 
may be closely simulated. 
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THE SARCOMATA. 

sarjCQpi^a arejbumou conBistinjj,oit,embryoiiic ccn- 
^ective tissue. Of ^ese "i3iere are several varieties, 
depending upon the size and configuration of the cells ^ 
and the nature of the intercellular substance. They in- 
dude what have generally been known in this country as 
fihro-pl^atic,Ji^pj‘rm recuiyent-fibroidf and myeloid 

tunaours. Many growths formerly described as “ cancers’* 
also belong to this class of new formations. 

Connective tissue in its embryonic condition is an im- 
mature tissue in a state of rapid development. In its 
most immature state it differs from the fully developed 
tissue in consisting almost entirely of small round cells, 
whilst its intercellular substance, instead of being fibrous, 
is soft and amorphous. This is the common condition of 
connective tissue in the primary stages of all rapid for- 
mative processes, as already described when speaking of 
it as the tissue from which many tumours of the con- 
nective-tissue class originate. (See ** Development of New 
Formations.*’) 

In the process of development rf this embryonic into 
mature connective tissue, the cells diminish in number, 
many bf them assume a spindle shape, and the inter- 
cellular substance fibrillates. Simile changes are sedh 
in inflammatory 'fonditions of connective tissue. Here 
also many of the small round cells which constitute the 
•* granulation tissue’^ become spindle bells, and the grauu* 
lation tissu^timately develops into the fibrous tissue of 

H 2 
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tie cicatrix. In the sarcomata, however, the connective 
tisane retains the embr 3 '’onic state throughout its growth, 
there is a progressive formation of embiyonic tissue ; and 
although the process of development may occasionally 
proceed in certain parts of the tumour to the formation 
of at more highly developed structure, as fibrous tissue, 
.caitilage, or bone, eo that a mixed form of tumour is 
produced, it usually ceases at the embryonic stage. 

Sthuctuhe. — ^The sarcomata may thus be defined as 
tumours consisting of connective tissue which throughout 
its growth retains the embryonic type. yhe» ce? /s, which 
constitiit<3 nearly the whole of the growth, consi^for^^tho 
most part of masses, of nncleated protoplast 
Assess a limiting membmne. They present many varia- 
tions in size and form ; as s?rale, however, they preserve 
the same general characters in the samp tumour, ^^© 1*0 
are three principal varieties— the lyu ndj the 
and the myeloul cells. 

The round cells are many of them indistinguishable 
from lymph-cells or white blood- corpuscles. Others are 
Bomevrhat larger and contain au 
indistinct nucleus with one or 
more bright nucleoli : Ihfige 
nuire, closely resemble jjhe cells 
of a granulation. 

w, or ^ indie -shap ed 
cells, are the so-called ^‘^fibro- 
plast ic cell s.*' (Fig. 42.) They are 
long harrow cells, terminating at 
each end in a fine prolongation. 
Some of them may be broader, 
approaching the epithelial type; 
others more or less stellate. They 
ere sometimes slightly granule;^, 
and they enclose a long oval 
UTtclens, with or without iiucle<Ai. In size they vaiy 
'OOtbs^erably. Thes^ cells represent a bighe^ state of 
than the round cells, resembli&g those met 


Fig. 12. 



jDte/fr a Spin^.-ecUed 
Sonoma. x^oO. 
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with in embryonic tissue which is in the process of 
forming mature connective tissue. (See Pig. 84 B.) 

The 'myeloidf or mothej cgUs, w^much larger than 
either oT the preceding, and ar e analogous to , the cells 
mot 'with in. the_ medulla Qf^foetol bone.. (See Pig. 60) 
They are large irregular-shaped masses of niicleated*pro- ‘ 
toplaam, for the most part more or less spherical, and 
often possessing numerous offshoots. They are finely 
granular, and contain several round or roundly-oval 
nuclei, each with one or more bright nucleoli. The nuclei 
may be exceedingly numerous, one cell containing as 
many as thirty. Both the cells and nuclei vary con- 
siderably in size. 

An inUreelhdai* substance in all the sarcomata, 
although it is usually amalFin quantity, the cells lying 
in nearly close apposition. It may be perfectly fluid 
and homogeneous, or firmer and granular, or more or 
less fibrillated. Chemically it, yields albumen, gelatin, 
or mucin. 

The hlood’vessels are usually very numerous, hnd are 
either in direct contact with the cells, or separated from 
them by a little fibrillated tissue. Their distribution is 
very irregular, and their walls often consist of embryonic 
tissue similar to that of the growth which they supply ; 
hence the frequency with which rupture and extravasa- 
tion of blood take place. ^ 

Development. — The sarcomata always originate from ^ 
connective tis an e-^eMer the subcutaneous, the sub- 
mucous, ot the subserqus the opn- 

necEnre tissue of or g ansL the periosteum- or Ithe^nj^jiulla^ 
tissn^f bo n^fifl. Their growth may take place in two’ 
ways, by the mnltiplioation of thdr own elements— i 
growth ^ and by the continuoae invaf^u of their matrix^ : 
per^^mZ^£ro]^h. A peripheral growth is the great 
cEiaractenstic of tile sarcomata; they usually increase by 

3 ontinuous invasion of their conneetive-tisBue matrix, 
no lino of demarcation exists! between the two. 
^^requllitly also invade other tissues, the element 
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of tlie growth extending for some distance into the sur- 
rounding structures. This infiltrating tendency of the 
sarcomata varies considerably in the diflorent varieties, 
being much marked in the round-celled than in* the 
spindle-celled_ and myeloid growths. A purely central 
growth is less common. A sarcomatous tumour, however, 
often becomes enoapsuled, and growth takes place within 
the capsule ; Sut even in this case the capsule is some- 
times merely that of the part within which the growth 
originates, as the periosteum, or the capsule of a lym- 
phatic gland. • 

SiscoNUARY CiiAiTGEs. — The most important of these is 
fatty degeneration. Tliis always occurs to a greater or 
less extent in the older portions of the growth, causing 
softening, or the prodnction of cyst-like cavities. It is 
frequently associated with destruction of the bl^od - 
yessels and hmmorrhage : jatt^r, may. giy0„risfi„±^ the 

formation of sanguineous cysts. (See ** Blood-Cysts.”) 
Calcification, ossification, and mucoid degeneration are 
less cordttnon. The occurrence of calcification, ossification, 
land pigmentation is influenced by the predisposition of 
the matrix from which the growth is produced: — thus 
, calcification and ossification Are more prone to occur in 
tumours originating in connection with bone, pigmenta- 
tion in those originating from the cutis or eyeball. 

Varieties. — Although all the sarcomata possess the 
same general characters, they present many histological 
and clinical differences which may serve as bases for 
their classification. The occurrence of various secondary 
changes - pigmentation, mucoid degeneration, and the 
formation of cysts, impart their respective characters to 
the growth ; hence and c ^stw-aartoma. 

have been described as distinct varieties. This is to a 
c§rtain extent justifiable, inasmuch as sarcomata which 
have undergone these transformatioifs, in many cases 
possess the property of reproducing the same characters 
when they occur secondarily in other parts. Then, again, 
as already stated, sarcomatous tumours ai% sometimes 
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complex in tlieir structure, and are associated with other 
tissues belonging to the connective-tissue group. A com- 
bination of sarcoma with fatty, cartilaginous, osseous, 
and mucous tissue, is thus not uncommonly met with. 
This is owing to the embryonic tissue exhibiting a ten- 
dency to develop into the different varieties of connective 
tissue. (See “ The New Formations.”) The mixed forms — 
chondrosarcoma, ‘’osteosarcoma, myxosarcoma, &c., are 
thus produced. The following histological classification, 
based upooi' the three different forms of cells already 
described, is ihe one generally adopted. It must, how- 
ever, be borne in mind, that all the varieties of cells may 
be found in the same tumour, although the majority 
are usually of the same type ; hence, the majority will 
determine the class to whicU the growth belongs. 

SF1NI)L£-C£LL&D SAKCOMA. 

These tumours, which include the growths described 
by Paget in this country as " fibro-plastic,” .and “ recur- 
rent fibroid,” are the mqst common of all the sarcomata. 
They consist mainly of spindle-shaped and fusiform cells, 
lying nearly in close contact, with a little homogeneous 
or slightly fibrillated intercellular substance. The cells, 
which contain well marked oval nuclei, with one or more 
nucleoli, are parallel to one another, and are arranged in 
bundles which pass in all directions through the growth^ 
often giving to it a somewhat fibrous appearance. In 
those portions of tho section in which the bundles of 
spindle-elements have been cut transversely they present 
the appearance of round cells. The cells vary consider- 
ably in size in different tumours, hence the division into 
small and large spindle-celled growths. 

Small SpindleseUe^ Sarcoma^-^hx these the cellular 
elements are snMill, often not more thin inch in 

length, and the intercellular substance is occasionally im- 
perfectly fibrillated. (Fig. 43.) .These growths approach 
therefore Aie confines of the fibromata, and histologically 
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they must be rrgaicleil ns ocoupyinpr an intermediate 
jdace between embr} onu and iully dt veloptd * oonectivo 
tissue They giow liom ilie poijos- 
teum, the la^eu* and fiom con- 
nective tissue in olhti parts They | 
ire usually tolerably hrm ih con- 
sistence, of a whitish or piiikish- 
wliite colour, and tor the most part 
piesent, on section, a translucent 
soraewhst fibnllated appcrirance. 
They aie often enc&.p8ul( il, much 
more frequently so than the other 
vaiictMs of sarcoma, but they aie 
\ery liable to mliltiito the surrounding struetuies, and 
to lecnr local]} after retnovil 
Lni /( Si'ivdlt (elhd Smeoma >~Tho celliilai elem^ts 
in these tumouis are much larger than in the picctdang 





S/w d Sjnndli cell t Sar 
i oma — 1 lom i Uini jur 
■)f thi 1» ^ X 20U 
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fuLTw Swcoma To the lift— -the 

cells nave been stparatod by t asing, so tliHt tl eir 
mdividuvl foims aie appmnt , to the ngbt — ^the} 
are in thoir natnnd state of apposition, sucli aa 
iKonliS be in a thin st»ction of the tumour 
(Virchow )i ^ „ 

The ^ s ^jpliimper, Iwid |h£ nuclei and jmoWli j.re 
eet)e<gi dly p rominent. ^dTfrequently 44 ) 

TJ^e su^toce is more scaaity, there is Al 
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compl ete absence of an:^ brill ation. These growths are 
mu^ softer in consistence than the small-celled variety. 
They are of a pinkish-white colour^ and are often stained 
by extravasations of blood, and sometimes in parts are 
almost difflueiit from extensive fatty degeneration. They • 
grow rapidly, and are usually exceedingly malignant. 

Melanotic Sarcoma. — This is ^ variety of sarcoma in 
which many of the cells contain grahiiles of dark-coloured 
pigment. By far t£e greater number of melanotic tumours 
aa-e sarcomata, and most of the growths which were for- 
merly described as “ melanotic cancers,” belong in reality 
to tills class of new formations. Not only are these 
melanotic tumours most frequently sarcomata, but the 
jnajority of them tionsist mainly of spindl e-sbape.d. Cclla — 
hence they are described in the present section, 

TiJie^ melanotic s^ originate principally in two 

situatmns — in the ch oroid ^oat of the eye, a nd in the 
superficial integuments. Tn both of these situations 
pigmentls a normal constituent of the tissues, and this 
tendency of structures normally containing pigment to 
originate melanotic growths, is exceedingly characteristic. 
(See “ Pigmentary Degeneration.”) 'fhese tumours 
usually consist of spindle-shaped cells, although in some 
cases the prevailing type of their elements is round or 
oval. (Fig. 45.) The pigm ent, which gives to them their 
distin ctive characb^Ts^ cqnjists^of granules of a brownish. 
or d ailg sj^ia cotour, which are distribute within the 
cells. (Fig. 45 c.j Frequently, only a very small pro- 
portion of the cells are pigmented, whilst in other tumours 
the pigmentation is much^more universal.; in all cases, 
however, a large number of the elements >ill\be found to 
be quite free frpm pigment. ^ 

These melani64ia,tnimm mture atn Si^at the nm malig- 
nant of. the sarcomatoms growt^4'<(;Altft<>S^'they have 
clSmpafativoly ienSe^^ extend loeally, they ? 

are disseminated by means cl thi^li^od^vesscds', 
sionally al^ by the lyiijpha1taas,';aiid thus reprcdtio©* 
often very rapidly iii distfl^ttiSsnesj In doing- 
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so, although they almost invariably maintain their mela- 
notic characters, the degree of the pigmentation of the 
secondary tumours varies considerably. Whilst many of 
them may be perfectly black in colour, others may be 

Eig. 45. 



A Melanotic jSfGrcoma qf the PefUs. 


A. — A thiu section, tshowing th#geiieral arrangement of 

the elcmeuts. x 200. 

B. — A section from the peripheral of tho growth, 

showing the ** indifferent cells,” amongst which 
arc small isolated pigmented elements. At^a, a 
blood-vessel is seen, x 200. ^ * 

C. — Some of tho eloments separated by teasing. In these 

the pigment-granules are well seen, x 400. 


xHgich. paler, and perhaps only partially streaked ^#ith 
/pigment, TJjj^ secondary growths are s^t, u^ally dis- 


? spleen, the lEidneys, ffie'^IfiSgs, the h^Si^, the brain and 
[ spinal cord, and also the lymphatic ^&nds and sub- 
cutaneous tissue, may alt be simulianecfnsly involved. 
1 have observed, that when occurring in internal organa/ 
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the pigmentation is not always limited to the secon- 
dary nodnles, bnt that many of the cells proper to 
the organ itself are filled with .granules of similar pig- 
ment, which is most abundant in those cells which are 
immediately adjacent to the new growth. This pigmen- 
tation of the cells of the organ often extends for tsome 
distance beyond the confines of the tumour. 

OsTEom Sakcoma.*— This, which is often known as^ 
“osteoid cancer,” is a variety of sarcoma (usually of; 
spindle-celled sarcoma) in which the growth is either , 
more or less Calcified, or has partially become converted^ 
into true bone. As a primary growth it is met with I 
almost exclusively in connection with bone, g rowing 
ei^er from the periosteum or the medulla. The osteoid 
chara^efs are Tisually reproduced in' the secondary 
tumours occurring in the lungS and in other parts. 

S imple calcification is mu ch more common than true 
ossificat ion. Hero the grov^h merely becomes infiltrated 
with calcareous salts, which may be dissolved out with 
a little dilute hydrochloric acidi when the characteristic 

Fia. 46. 



OateM Saa^orm, — Prom a secondary tnmoiirtf the lung. 
Showing the calcifioation of a BpiUdle-cell|a growth, and 
the formation of broad bands of calcified iltcmellulor ma- 
terial encloainga spaces which contain ^^and .aud oyal 
cells. X 

sarcomatous structure become revealed. In other cases 
'this calcification is associated with the conveii^ion of por- 
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tions of the tumour into true, althoug^h usually imperfect 
bone When this has occurred, there will be seen amongst 
the spindle-shaped, round, or myeloid elements, tracts of 
tissue consisting of broad bands of granular intercellular 
material, infiltrated with calcareous salt^, enclosing spaces 
which contain spindle, oval, or round cells. (Fig. 46.) 
This structure often much resembles cartilage. In other 
parts of the growth, where the change is mor* advanced, 
may be seen lacunas and even canaliculi such as are found 
in true bone. 

In those osteoid growths it is most important to recog- 
nise the existence of the sarcomatous element, inasmuch 
as it is 'the presence or absence of this which determines 
the innocent or malignant nature of the growth. Osteoid 
sarcoma must he carefully distinguished from the simple 
osseous tumour. 



ROUND-CEIJiUD SARCOMA.. 

This is of softer consistence 
than the spindle-celled growths, 
and from its frequent resemblance 
in physical characters to ence- 
phaloid, it is sometimes known as 
'‘medullary,” “ encephaloid,” or 
“ soft” Sarcoma. Histologically, 
it is elementary embryonic tissue, 1 
consisting mainly of the round 
cells already described, embedded | 
in a scanty, and usually soft,' 
homogeneous, or finely granular intercellular substance.! 
(Fig. 47.) The cells usually resemble those met with in 
the most el(^<=*ntary embryonic tissue ; less frequently, 
they are largcr,Wnd contain largo round or oval nuclei, 
with bright nuclfoli. There is an almost complete absence 
of fusiform cells, and of the partial fil^rilktion which is 
so frequent in the more highly developcdXspindlo-celled 
variety. 

The round-celled sarcomata are of a umform sofbJ 


Jfonvd-ctlUd Saicoma — 
A thin section of i small 
round otlLd furcoiiia of 
the hvtr x 200. 
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brain-like consistence, somewhat translucent or opaque, « 
and of a greyish or reddibh- white colour. On scraping 
the cut surface^ they yield a juice which is rich in cells. 
They are exceedingly vascular, the vessels often being 
dilated and vancose, and from their liability to rupture, 
they frequently give rise to ecchynioses and to» the 
formation of sanguineous cysts. (See “Blood Cysts.*') 
the cutis, the subcutaneous cellular 
^sue, the periosteum, the fasciae, and from the connec- 
tive tissue of organs. They "extend ra]>idly by peripheral 
growth, infiltmte the surrounding structures, reproduce 
themselves in internal organs, and olten involve the 
lymphatic glands. From their clinical and physical cha- 
racters, these tumours are very liable to be confounded 
with oncephaloid cancer : — ^they are distinguished by the 
absence of an alveolar stroma, and by the uniformity in 
the character of their cells. 

OLioMAf— This is a variety of round-celled sarcoma 
g-owing from the neuroglia or connective tissue of nerve. 


Fro. 48. 



Sar(HymatoH8 Tumours from (he Brain. — a. A gHoftia of 
cerebellum. This repicbonts the apiKVuanee ordmanly 
presuuted by these giowtlis. b. A Comp aiati vely rare 
form of s<ireoma, winch consists of* large cdls 

enclosed within the meshes of a vasoumr iJelwork. The 
dovt lopmout ot this tumour took place mfthe brain sub- 
sequoiitly to tho^ of spmdle-eelled growths —pnmanly in 
the thig^ secondarily in the long, x 200* 

It consists of very small round ceDs, embedded in an 
exceedingly^ scanty, homogeneous, granular, or slightly 
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fibrillated intercellular substance. (Eig- ^ Some of 
the cells may possess fine prolongations which, by com- 
municating with one another, form a somewhat reticulated 
structure. These tumours occur in the gr ey an d white 
substance of the brain, in the cranial nerves, and ln ^^e ^ 
retina. In the retina they usually commence as a minute ' 
nodule, which may gradually increase until it projects as 
a large fungating tumour from the orbit. T^y are not 
encapsuled, and although they may occasionally infiltrate 
the tissues in which they lie and cause secondary growths 
in their immediate vicinity, they very raflsly reproduce j 
themselves in the lymphatic glands or in internal organs. ! 
They ai% liable to small haemorrhages into their struc- 
ture, and sometimes become more or less caseous. 

Alveolar Sarcoaia. — ^'Phis is a rare form of round- 
celled sarcoma, which was first described by Billroth. 
The cells, which are large, shaiply defined, round or i 
oval in shape, and enclose prominent round nuclei, are ] 
separated from each other by a more or less marked ' 
fibrous stroma. In some parts this stroma forms small ■ 
alveoli within which the cells 
are grouped; but careful ex- 
amination will always show 
that in most parts of the sec- 
tion the stroma really pene- 
trates between each individual 
cell. It is -this-^Iastraamed 
chsj tacter which Se rves to dis- 
tinguish these tumours from 
the cancers, with which, in 
many cases, they may easily 
be 'tionfounded. The accom- 
panying, drawing, made from 
a preparation kiigdly lent to me by Mr. E. J. Godlee, shows 
weR ^eir microscopical characters. (Big. 49.) 

^iveolar sarcomata are mejuirili^riiSjjfiga^ the 
bo nes, mn scles. In the skin, where they are 
o|pip m^pe, they lead to ulceration. to 


Fio, 49. 



Alveolar Sarcoma . — From 
tumoui' of the x 200^ 
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recur locally, and also to reproduce themselves in in- 
ternal organs. 

MTELOID SARCOMA. 

This, which is the well-known myeloid tumour, is some- 
what allied to the spindle-celled growths. It possesses, 
however, certain histological peculiarities which prolJably 

Fio. 50. 



Myehid Sarcoma. (yirchow.|| 

depend upon, the ©haracters of the tissue from which it 
grows. My ely S. tumours nearly always occur. in con-» 
motion withjbone, find inostTIKquehl^^ 
jaafcdttIfiya J'A Of the m 
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nucleated cells already described as “ myeloid cells,”— 
which resemble the cells of the medulla in a state of 
excessive nutritive activity— -together with numerous fusi- 
form cells like those met with in the spindle-celled 
varieties. There are also some smaller round and oval 
elements. The large myeloid, cells, which give to these 
tumours their distinctive character, are usually much 
more numerpus in tliQLjjg gTOyths whief "ori ginate in the 
meduUaiy cavity th an ^ip. t hose w hich spyixi^ .the 
periosteum. These various forms of cells are nearly in 
close contact, there being very little ini^rcellular sub- 
stance. (Fig, 50.) 1'he growths are sometimes very 
vascular, so much so as to give rise to distinct pulsation. 
They often contain cysts. 

Myeloid tumours almost always grow in connection 
with bone, the hea(k of the long bonea^ be ing th eir 
favourite seat. They are aJib frequently met with 
springing from the periosteum of the uppe^ a n d lo wer 
jaws, where lEEey constitute oi^Jbrm of ^ulis. When 
originating within the medullaiy cavr^PSi? compact 
tissue of the bone becomes expanded over them, and they 
thus often communicate on palpation the peculiar sensa- 
tion known to surgeons as ” egg-shell crackling,” These 
tumours are for the must part of firmer consistence than 
the other varieties of sarcoma ; many of them are firm and 
fleshy, although others are softer, more resembling size- 
gelatin. 'They are not pulpy and grumous like the soft 
sarcomata, neither do they present the fasciculated 
appearance of the spindle-celled varieties. Their cut 
surface has a uniform succulent appearance, often 
mottled with patches of red. They are often encapsuled 
by the peri ostea l covering of the from which they 
grov^ TheySb rare a^r middle life, and^ are the. least 
mali^^t'of^|thesay&)mata, \. " 

nmk(MhA 

grtwth 

li ft Aft 
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wliirli is known aB psamm oma. This growth, although 
having blit little resemblance to the sarcomata, is usually 
classified with this group of new formations. Its charac- 
teristic feature is that it consists largely of calcareous 
particles. * The calcai'eoua pai*ti< les are contained in the 
concentric bodies already described as the coi^iora 
amylacca, whore they give rise to the so-called “ brain- 
band” -hence the name of the growth. The calc ifhid 
corpora amylacea, aspqcia^d jyith a varying (quantity of 
a cellular aud fitirUlatod tissue, and blood-vessels, make 
up the growtlft 

I'sammoma is usually met with growing from the 
membranes of the brain, or from the choroid plexus. Tu 
the lattc*r situation it often contains numerous cybt.s. It 
IS of no pathological importance except when of biifli- 
ciently largo size to produce symptoms from pressure, 

’ BLOOD-CISTS. 

^ Tumours are occasionally mot with into which so much 
haemorrhage has taken place as to mask their real nature, 
and to give to them the appearance of blood-cysts. The 
nature of these blood-cysts has only recently been un- 
derstood. They are now known to bo in the majoritv of 
cases soft, round, or spindle-celled sarcomata. They 
comuiiLflf broken down blood coagula, surrounded by an 
ill-defined layer of soft sarcoma tissue. The microscope 
wiU also usually reveal sarcomatous elements amongst 
the altered blood. These growths are exceedingly malig- 
nant, and hence the recognition of their sarcomatous 
origin is all important. 

CUNICAlL ohabagtebs op TEDQ 
The sarcomata ' oepur most frequeDtl^fm^early^^a^ 
middle life, an4 to the oaD«ei*i*> 

"mffignant formatmgjBL.-,. They are especially 

chai-SetenB^^ their great tendency to oitend locally \ 
and to infiltrfl^ the surroundings structures, so that they I 
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are excccilinjyly prone to recur in lovn after removal. 
They comparatively rarely i nfec t the lyiuj'^hatic glantls, 
and in this ros])cct present a marhed contrabt to the 
cancorM. I’hey are also very liable to become generally 
diftseuiinatcd, although this is not usual in the earlier 
stagt^'N of the di'^case. The secondary growths occur most 
frequently in the lungs. The dissemination is effected by 
means of the blood, and this is owing to the thinness of 
the walls of their blood-ves..'cls and to the immediate con- 
tact of these with the cells of the growth - conditions 
most favourable to the entrance of the cA'lular elem4*nts 
into the circulation. ^J’hc dis’-eminationof the sarcomata 
is, on 11n\ account. sometiTnos more rapid than that of 
the cantors. In the latter, extension in the early stage 
Likes ])lcice piimdiially by the lymphatics, aiwl dissemina- 
tion }»y Ihe blood only occurs later in the disease. The 
s*^cond»iry sarcomata usually resemble the |>rimary one, 
Init in exceptional cases the several varieties may replace 
one another. 

lliesc malignant properties, as has been seen, arc 
pos ’'cssed by the different varieties of sarcoma in very 
ditlcrciii degrees. As a rule, the softer and more 
xascnlartlie tumour, and the less its tendency to form 
a fully developed tis»:ue, the greater is its malignancy. 
\ Tlie soft, round-celled, and large spindle-celled varieties 
jure thus usually much more malignant than the firmer, 
j small spindle- cel led growths. Their infiltrating powers 
are much greater, they sometimes infect the lymphatic 
glands, and they tend to reproduce themselves very 
r.ipidly in internal organs. Many of the small spindlc- 
celb d tumours, after removal, never recur, whilst others 
recur b>C£4Jv several times, and ultimately reproauce 
themselves lumistant imrts. As a rule, largeness of the 
spindle eremcnls and the existence in many of them of 
more than one nucleus, is an evideiffce of special malig- 
nancy. The presence of a capsule linking the growth 
must also be taken into account in judgii^of the degree 
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of its malignancy. It must, however, be borne in miml 
that in a growth distinctly encapsuled the sarcomatous 
elements may invade tlio adjacent structures. The 
myeloid growths are the least malignant ; they may how- 
ever also, in exceptional cases, give rise to secondary 
growths in internal organa. 



CHAPTER XXIII. 

THE CAPuCINOM ATl. 

The Ccarclnomata, or Cancers, are new formations con- 
sisting of cells of an epithelial type, wjtji^out any inter- 
cellular substance, grouped together irregularly within 
the alveoli of a more or less dense fibroid stroma. 

The term ** cancer” has been so commonly applied inde- 
finitely to any growth possessing malignant properties, 
that “ cAnicerons” and “ malignant” have come to be re- 
garded by many as synonymous terms. It is important, 
however, clearly to distinguish between them. A cancer 
is a grow'th possessing the above-named definite struc- 
ture ; a malignant gij)wth, on the other hand, is one 
which, independently of its structure, tends to reproduce 
itself in adjacent or distant tissues. (See “ Malignancy.”) 
-i*. Cancerous” is an anatomical term; “malignant” is a 
^ ’^nical one. 

^^he Cancers include the four following varieties : — 
Enc^igloid, Collo id, and Of 

the first three possess the same gSoeral characters, 
although they present certain structural and clinical 
differences which serve to distinguish- them. Epithelioma 
constitutes ^more distinct variety; It will .be well, in 
the first placeTIb ^eribe the characters common to the 
larger and morelimportant group, and then those which 
are peculiar to its individual membbts.. Epithelioma 
will be considered subsequently. \ * 

STatfCTOBE. — ^In structure, scirrhus, eno^haloid, and 
: conoid ^cer so far rcscznple ona another, ^at they all 
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consist of cells of an eintlielial type, witliont any inter- 
cellular substance, grouped together irregularly within 
the alveoli of a fibrous stroma. (See Fig. 51.) Although \ 
there is no intercellular substance, a certain amount of 
liquid exists between the cells. It is this liquid which 
exudes from the freshly-cut surface of the cancel*, and 
the number of cells which it contains give to it a milky 
appearance. 

The cells are characterised by their large size, by the ; 
divergrity of their forms, and by the magnitude and pro- v 
minence of ?beir nuclei and nucleoli. (bTg. 51.) In size , 


Fio. 51. 



CelUfromaSdrrlmsofthe.Mamim. 350. 

they vary from to of an inch in diameter; thoj 
majority being about five times as large as a red blood-l 
Corpuscle. They are roui^^yal^ fusiform, caudate,^ poly- 
gonal — exhibiSng7 'in short, every diversity of oJtline. 
These variations in form are principally owing to the 
mutual pressure to which in their growth they are sub- 
jected. The nuclei, which are large and prominent, are 
round or oval in shape, and contmn one or more bright 
nucleoli. The nuclei are, perhaps, 'xno^jiifequentJy sin- 
gle; two, however, ate frequent^ m6't|pith, and un- the 
softer and more, rapidly growing .cancers they may be 
more numero*. The cells rapidly undergo retro graaaive 
chgfiiges, they usually contain teolecufar fat. They 
are many "<F them exceedingly destructible, so that some- 
^times more free nuclei than cells' are visible. CeUs preci^lly 
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similar to these are met with in other morl>id growths, 
and also in the normal tissues. There is tbns no specific 
“ cancer-cell.’* It is the general character of the cells, 
together with their mode of distribution in the meshes of 
a fibroid stroma, that determines the nature of the growth 
to which they belong. The appearance presented by 
these cells grouped within the alveoli of the cancer some- 
times closely simulates, in the earlier stages of growth, 
that of simple adenoma. (See Fig. 40.) In adenoma, 
however, the cells resemble the tjpithelium of the gland ; . 
they are smaller, and less irregular in siyC and shape, 
aud less closely packed than those carcinoma. In 
many cases, indeed, they form merely a single layer 
lining the walls of the acini. 

Ihe stronia varies considerably in amount, l^j^^^pLch 
more abundant in some varieties of cancer than ^'-others. 
It consists of a more or less distinctly ^ bril1;^t.ftd tissue, 
arranged ao as to form alveoli of various forms and sVaes, 
within which the cells are grouped. (Fig. 52.) These 

Fig. ,52." 


The A\eolar 8t,n)ma from a Sdrrhus of the ' 

Ihe cells have been removed bv ' 
pencilling, x 2 ( 10 . ^ 

alvooH communicate' with one another, so\ to form a 
continuous c^nious system. The chara&ls of the 
stMma v^ry with the rapidity of its growth^if this is 
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rapid it will contain some round and spindlc-sliap^d 
cells (sec Fig. 56) ; if, on the other hand, it is slow or has 
altogether cms^od, the tissue will contain but few cells, 
and will be denser and more fibrous in character. Tlui 
latter is the condition in which it is most commonly met 
with. 

AVithin the stroma are contained the hl agd-vess cl't. 
These are often very n umer ous, and form a close net- 
work. They are Ihjiited tp the stroma, and only in very 
ejccoi^tionat cases do they encroach upon the alveoli.*^ 
This distribiStion of the blood-vessels is important, as 
distinguishing the cancers from the sarcomata. In the 
latter, the vessetl are not supported by a stroma, bnti 
ramify amongst the cells of the growth; hence tln> 
facility with which these tumours become generally dia-f 
seminated. 

Ill addition to the blood-vessels, the cancers also possess 
hjiiLp/uiilcs, These accompany the blood-vessels, and, as 
has boon shown . by MM. Oornil and Kanvier, communi- 
cate freely with the alveoli. This explains the great 
tendency of cancer to infect the lymphatic glands. 

Development.— The question of the genesis of cancer 
involves that of the genesis of epithelium generally. It 
is maintained by many Histologists that epithelium can 
only originate from epithelium, and that the strata of,, 
cells set aside in the embryo for the produclipn of the. 
epithelial tissues is the source from which all epith^liunr 
is subsequently derived. Others admit that epithelium 
• may also originate from connective tissue.' (See “Deve-^ 
lopment of the New Formations.”) A like difference of 
opinion exists* as to the source of the epithelioid cells of 
cancer, By many — as Waldeyer, Thiersch, and Billroth 
— they are regarded as originating only pom pre-existing 
epithelium. Others — amongst whom are Virchow, Liicke, 


* In soft, ra™ly growing cancers the blood-vessels have occa- 
sionally be^Mf>scrved to project as tufts into Ihe ttttoli. See esse 
reported by ». Malfbas Beck and Mr. Aruott, Path. Sue. 

Lond.,^’ 1«74, p. 2d4. 
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Rindflcisch, and Klebs— maintain tliat they may also he 
derived from cells belonging to the connective tissue. It 
is also believed by some — as Kostcr—tbat many cancers 
originate from the endothelium of the lymphatics. 

The difficulty of determining the genesis of cancer is 
partl|r owing to the fact that it usually originates in 
structures where epithelium' is normally abundant, as in 
the mamma, skin, and alimentary canal ; and that this 
normal epithelium is always, from the earliest stage of 
the growth, the scat of active ])roliferation. In cancer of 
the mamma, for example, the first change ofCen observable 
is? an acenmuktirn of enithclium the ducts of 

the, gland, a condition very similar to that already de- 
scribed as occurring in the development of an ordinary 
glandular tumour. (See “Adenoma.**) Soon, however, the 
epithelium alters its characters. The cells become larger 
and more irregular in shape, and their, nuclei are more 
prominent. Tlie epithelium is then found outside the 
ducts, amongst the inter- and peri-gland alar connective 
tissue, which is also in a state of active proliferation, and 
kJnjB.li^;atcd with small round cells. I’he ontline of the 
ducts ultimately becomes completely annihilated, and the 
epithelioid cells are seen in alveoli formed of a fibroid 
tissue. The question arises as to whether the epithelioid 
cells, which constitute the ultimate cancerous growth, 
originated front the epithelium normally existing within 
the ducts of the gland, which in the process of develop- 
ment has extended beyond the ducts into the surrounding 
tissue; or, whether they originated in the connective 
tissue — the proliferation of the glandular epithelium 
bei rig merely a secondary process, and resulting from the 
irritation of the inter-glandular growth. Although this 
question cannot be regarded as finally settled, the former 
view is certainly the more probable one; and the doctrine 
ojf the epithelial origin of cancer is no^ Readil y. ga ining 
ground. Thj, tendency which is exlubiled^ the ceGsof 
cancerous g^wths to maintain the type of ^ epithelial 
; struoturesl^lhe vicinity of which they grow, is greatly 
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in favour^of this view that they are derived from the epi- 
thelium. In cancers situated near the cutaneous surfaces, 
for example, the colls are usually of the squamous type, 
whereas in those growing m connexion with the glands of 
mucous ' membranes, they more commonly resemble the 
epithelium of the gland. In adopting this doctrine ot the 
on’ gin of* cahcer it is obviously impossible to admit the 
occurrence of primary growths in situations where no 
epithelium ^normally exists — as in bone and muscle ; and 
we now know^hat tumours in these tissues which were 
formerly described as ^ancers, are in reality sarcomata. 
With regard to ihe new formation of the epithelial 
elements, the reseiirches of Dr. Creighton, which show 
that this takes place principally by a process of vacaola- 
tion and endogenous growth, has been already alluded to. 
(See Development of New Formations.”) 

The stroma of cancer, although partly the pre-existing 
connective tis.s.ttC of the part in which the cancer origi- 
nates,' is in the main a new formation, and it may pro- 
bably be regarded as the result of the irritation of the 
connective tissue by the ihfiltiStihg epithelial cells. 

The cancers in their growth never become e ncapsuled . 
but gradiially infiltrate the surrounding structures. This 
process of infiltration is very characteristic, and is more 
marked in cancer than in any of the malignant growths. 
A zone of small-celled infiltration is seen for some dis- 
tance around the confines of the tumour, ^ that there is 
no line of demarcation between it and the nprinal struc- 
tures. (See Fig. 53.) 

Sbcondawy Changes.— T he most important of these is 
de generati on. This, always occurs to a greater or 
less extent in alFthe varieties of cancer. The more rapid 
the growth, the earUer does this retrogressive ch^ge take 
place, ^nd the greyer is its ' extent ; hence it is usually 
most marked encephdloid. It produces softening of 
the growth, w^ch is often reduced to a pulpy cream-like 
consistence* j ^gmentation im ifiddjmd colIoM degenera- 

is very^jS^jpaet.^sith,/ 
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Yartkties. — Tlio term “cancer” was so vaguely applied 
by the older pathologists— nearly all^ malignant forma- 
tions being included under this head — that considerable 
confusion has resulted in the classification of cancerous 
growths. Peculiarities in situation, structure, and ap- 
pearSnee have given rise to special names, hence the 
terms— “ osfro/d,” cJio^idroid,^* cijdic,” 

“ hmnafakV cancer. A cancer containing lai'ge quantities 
of pigment was described as a distinct variety, under the 
name of mehnotic cancer. Melanotic cancer, however, 
is comparatively rare. The majority of fumours which 
are thus designated are in reality sarcomata. (See “ Me- 
lanotic Sarcoma.”) 

. The most convenient classification, and that which is 
now generally adopted, divides the cancers into four 
groups: — scivrhuH, Jihrovs, or chronic cancel*; enccjdid- 
hid, medullar i/, or acute cancer; colloid ox ijdatmiform 
cancer; and e].nfheUal cancer, or epithelioma, including 
adenoid cajiccr. This division’ is based principally iipon 
the relative proportion of the stroma, and upon the type 
. of the cinthelial elements. <». 

SCIRBHUS CANCER. 

Scirfhus, fihi'ous, or chronic cancer is^choracterised^by 
the large amount of its stroma and by t£e ct7onicity of 
itsjgrowth. The slownes.sTji''tire deVeTopmWt of scifrhu?’ 
probably accounts in great measure for the peculiarities 
in its structure and physical characters. ’ 

The ephhelial growth, at first it 

luxuriant, flHckiy subside^* T he e lements soon atropliy 
and undergo retrogressive c hanges . They^ are most 
abundant in the external portions of the tumour, where 
growth is taking place ; in the central portions they may 
be almost entirely wanting. The aoSomf^anying figures 
(Figs. hS and 54*) show the appearancX presented by 
scirrhua of the mamma in the earlier^tages of itl» 
deyelopinea^. 
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Tlie degeneration of the epithelial elements is pro- , 
bably owing to the^^eessive growth of the stroma, and f 
to the subsequent induration and contraction which it 

Fig. 53. 



ScirrhiLt of the Mamma . — A thin section from the 
moat external portion of the tiwnonr, si lowing 
the smali-celled infiltration (“in cliff (^rcmt tissue”) 
of the muscular fibres and adipose tissue in the 
neighbourhood of the gland, x 200. 

nndergoes. It quickly assumes the characters of cica-j 
trigiq,! tissue, and becomes hard and indurated. This I 
causes obstruction and obliteration of the blood-vessels 


Fig. 54. 



ScirrhUfi q^fhe Mavifna.-^A portion of the tumour 
son^what internal to that represented in Fig. 53, 
showing the characteristiQ alveolar structure of 
the cancer, x 200. 

which it contain^ and it is probably to this interference 
with the vasen^r supply that the arrest in the develop- 
ment of the ameer is owing. The whole of the central 
lx)rtions of the growth may thus ultimately consist 
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’simply of dense fibroid tissue, amongst which are 
contained atrophied epithelial celj^ and fatty debris 
(Fig. 55), the periphery being the only part where the 


Fig. 55. 



Si-irrhm of the. Manuna . — A section from the 
more central] portitms of the tumour, showing the 
atrophy of the epitliclial cells, the diminution in 
the size of the alveoli, the fibroid tissue, and the 
fatty ddbris. a, earlier stage ; 5, more advanced. 

X 200. 

epithelial structure is visible. The amount of atrophy 
and contraction varies considerably in different cases. 

The physical characters of scirrhus are in the same 
way due to the abundance of its stroma. The growth is 
, firm and hard, and it„is usiiglly^dgpre^^ed^^ 

' owing to the contraction of the fibroid tissue ; this is very 
characteristic of scirrhus of the breast, where it caaises 
puckering of the superjacent structures. On section the 
. tumour in’esents a greyish-white glistening surface, some- 
times intersected with fibrous bands. The more external 
are less firm than the central portions of the growth, and 
yield, on scraping, a juice which is rich in nucleated cells, 
free nuclei, and granules. 

t Scirrhus is most commonly met with in the female 
breast, and in the alimentary canal — especially in the 
• wflo^liagus pylorus, and rectum. It also ' cKjcasionally 
j o^urs in the skin. ITie secondary growths to which it 
rise are often encephaloid. « 

EUCEPHALOII) GANCEK. 

. EncefJialoidf medullary, or acute canceJJ>is very closely 
^affiSd ii' ihe preceding, from which it differs merely in 

I’ , ..vi \ 
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the greater rapidit y of its grow th, and the coneegTient 
s^afi^amounFqr .Qtgd the soltnesa of i ts con,- 
wstenco. Encephatbid and scirrhus cannot be regarded 
as in any way constituting distinct varieties of cancer. 
There are all intermediate stages between them, and the 
differences in the rapidity of their growth, and coftse- 
quently in their structure and physical characters, con- 
stitute 4heir only distinctive features. 

I’he epithelial growth in encephaloid is rapid and 
abundant, and the cells, for the most part larger than in 
sQirrhus, quickly undergo fatty degeneration, so that ? 
often more free nuclei than cells are visible. The pro- ^ 
-portion of stroma is very small, and owing to the rapidity 
of its growth, it is much le^ss, fibro^slthau-that of scirrhus, 
and does not undergo a similar cicatricial contraction. 
(Fig. 56.) The b lood-vessela are often very a^ndant, 

Fig. 56. 



Vlncepjkaloid Carwer, Prom ft secondary cancer 
of the liver. Showing the large sisse of the ftlveoU. 
ancrthe thinness of their walls. In the latter small 
cells are visible. The large epithelial cells are com- 
mencing to un^rgo fatty mctamorjjhosis. x 200. 

and the tissue supporting thein being soft and non- 
resistant, hssnprrhage occasionally takes place. 

Encephaloia cancer is of a soft brain-like consistence^ 
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tlie central portions, where fatty degeneration is most 
advanced, oftexi being completely diffluent. The tumour 
. is sometimes more or less lobulated. On section, it 
i presents a white, pulpy mass, much resembling brain- 
I substance, which is often irregularly stained with oxtra- 
I vaa?itcd blood. ^ 

Enccphaloid is much less common than scirrhus cancer. 
It is most frequently met with in internal organs as a 
seamdanj growth. It also sometimes occurs primarily 
in the testis and mamma. Many growths formerly de- 
scribed as enccphaloid cancer, are soft safreomata. (See 
“ Kound-celled Sarcoma/') 

COLLOin CANCER.- 

The growths described under the name of collpidj 
alv<'oh(.}\ or yelatlnifurinv cancer, although sometimes^Te^ 
garded as constituting a distinct variety of Cancer, are 
simply one of the preceding forms which have undergone 
a rnueoiM or colloid cHanjge. The frequenc^Twith^^ich 
non-cancerous growths which have undergone these 
forms of degeneration have been confounded with colloid 
cancer has already been alluded to. (See “ Colloid De* 
generation.”) 

The alveolar structure in colloid cancers is very marked. 
The alveoli have very thin walls ; they are large, distinct, 
and more or less spherical in shape, tjrtjis large size and 
distinctness ot the alveoli is owing to their distension 
with the softened substance. Within them is contained 
jthe gelatinous colloid material, which is a glistening, 

/ translucent, colourless, or yellowish substance, of the con- 
I sistence of thin mucilage or size-gelatin. In the main it is 
I perfectly structureless ; within it, however, are embedded 
a varying number of e])ithelial cells, which also contain 
the same gelatinous substance. (Fig.^57.) These cells 
present a peculiar s^pearance: — ^they are large and 
spherical in shape, and are distended wiiSx di^ps of the 
same gelatinous material as that in wmcli they are 
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embedded. (See Mg. 67.) Many of them display ,a 
lamellar surface, their boundary being marked by con- 


Fio. i)7. 



centric lines. It would appear that the colloid 
commences injbhe cells, which hecome gradually de- 
stroyed lii the process. In other cases the cells, with 
the exception of slight fatty metamorphosis, are but 
little affected, and the substance distending the alveoli 
is more viscid and mucoid in character. This is due to 
a mucoid degeneration of the intercellular . substance, 
rather than to a colloid change commencing in the colls. 
(See " Mucoid Degeneration.”) 

Colloid cancer is moat, frequently met with in the*^ 
stomach, jn the intestine^ itt' the omentum, and in {he 
perifoheum. . 

EKTHEtlOMA, 

EpitheUomu^ or epithelial mnc§r, must be regarded as 
constituting^miuch more distinct variety of cancer than 
cither of^tne preccdlog, although transitional forms 
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between it and. scirrlius are occasioTially met with. It 
^tber varietiofci of cancer in iilwa^^s 
growinj^ in connexion with a. cuianeous or inncous snr- 
face- - the junction of the two being its uHual seat -and 
in itLS epilhelial elements closely’’ resembling the sfinamous 
variety of ej)itlieliuni. ‘ ' ' 

llie colls ol epitholioqia arc in the main indistinguish- 
able from those met with on the cutaiK'ons surfaces, and 
on the mucous inombriine of the month. TJiey vary in 
size trom to of an incli in diamcier, the average 
being TJiey contain usually a^singlo nucleus; fre- 
quently, however, the niiclft arc multiple. (Eig. p8.) 

Fio. 



Tliey are often considerably flattened and distorted in 
, shape, owing to the pressure to which in their growth 
jVthey are subjected, but they never present t^ie nume- 
'^^rous varieties in outline which are met with other 

; varieties of cancer, neither do they eSchibit^S’^ same 
marked tendency to undergo fatty- degeneration. The 
arrangement of these cells is peculiar some of them 
^^aro situated in iryegdar 

coramunicate with each ether; ot^rl les^regnlarly 
grouped in masses of various sizes amongst the meshes 
of a stroma. As the cells increase in nu^jber they tend 
^blSome ajrangedcK)nGentricaUy ingroups so as to form 
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globular laasses. Those masses are the ‘^concentyic, 
glqbos,*' or “ c'jftithelM nests*' which are so commonly met 
with wherever squamous epithelium is undergoing rapid 
growth, and which, although not distinctive, arc ex- 
ceedingly characteristic of epithelioma. As the epithelium 
multiplies, the peripheral layers of colls become flattened 
by pressure against the surrountiing structures, whilst 
tliose in the centre remain move or less spherical in shape 
like those of the deeper layers of the epidermis. .(Fig. 5i),) 

Fio. 59. 



The cells may be closely .packed as itltimatoly to 
b^othe hard and €ry like those of the nails aud.^haiir, and 
the globes are l^en of a brpwnish-yellqw colour and of a, 
firm^pon^istsMo. These globes a-re often large enough 
to be reader yMblef to the^haked eye/and. owing, to the 


194 


NUTRITION INCREASED. 


arraiigcmfint of the epidermic scales, they usually present 
a fibr«)iis appearance. * 

ITic stroma prc.seiits every variation betxVceu rapidly 

Fio. GO. 



KpifhtiUomn of Ihe Tongiui, A thin vertical gectinn, show- 
iiQ}? tlio <‘.ACt‘SHivo opitliulial growth upfiu surface of tho 
papiliio, and the Mention of tlio epithelial olcjuionts into the 
subjacent conij(*i-tiv*‘ tissue. Tho sub-epithelitil tissue is infil- 
ti'ated with small (“indifferent”) colls, amongst evhich are seen 
the epithelial elements both single and fomV*.g ooucontric 
globes. 100. 
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growing embryonic, and an incomijlotoly fibrillated tisRuo. 
It may bo tolerably abundant, or almost entirely wanting. 
It rarely f(jrms such a marked alveolar structure as that 
which characterises the other varieties of (vai-fter, but 
usually consists simply of a small-celled intiltratioii sur- 
rounding the epithelial elements, which may ultimabdy 
])ecoi)io developed into a more or less completely iibril- 
latcd tissue. (Fig. 60.) ' 

With regard to the development of epithc'lioma- tlierc 
can be no doubt that its epithelial clomeuts arc derived 
from the epithelium of the skin or mucous membranes, 
or from that of the glands which arc situated in 
tissues. The growth commences by a proliferation of this 
epithelium, which as i# increases becomes 
extending beyond the normal limits into the sn])jaeent 
C/OuneclLve tissue, and eveu into muscle, boue, and otln^r 
structures (Fig. 60) ; and it is this heterologous develop-, 
mont of epithelium which is the essential characteristic 
of ojuthelioiua. This extension of th(? e])itholiinii into' 
the subjacent connective tissue produces in the latter an 
irritative growth, and thus the groups of cpitlielial ele- 
ments are always suiTOunded by a small-celled (*‘ indif- 
ferent”) tissue, the small-celled growth preccillug tlit^ 
epithelial invasion. (Fig. 60.) 

Epithelioma usually presents itself in the first place 
either as a small foul ulcer with indm*ated edges, or as a 
subcutaneous induration or nodule which subsequently 
ulcerates. The sm'face^of the ulcer is frecpmnjly papil- 
lated,. and . villous, owing to the irregular growtli of the 
cerium. The tumour itself is firm in consistence, often 
more or less friable, and on section presents a greyish- 
white granular surface, sometimes intersected with lines 
of' fibrous tissue. Th6%nt-surface yields on pressure a 
small quantity of turbid liquid, and in many caso.'5 also 
a peculiar, thiclj^ crumbling, curdy matcriaJ can be ex- 
pressed, which often comes out in a worm-like shai>e, like 
the sebaceor^ matter from the glands of the skin. This 
latter is vgpv characteristic. It is composed of epithelial 

o2 
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6}cales, and on being mixed with water it does not diffuse 

I itself like the juice of other cancers, but separates into 
minute visible particles. If it is very abundant, the 
cancer fc soft and friable, and the material can be seen 
in the cut-surface as small scattered opaque dots. 

Epithelioma has its primary seat in the immediate 
vicinity of the cutaneous or mucous surfaces, the point of 
junction of the two 6eing its favourite habitat. It appears 
in most cases to owe its origin to some external source of 
irritation. It is rare in the young, and is most frequently 
met with in the lower lip at the junction of the^skin and 
and mucdns membrane, on the tohjfne, prepuce, scrotum 
(“ chiiuiiey-swecp's cancer’), labia, eyelids, chceSs, and 
in the uterus and bladder. As^ extends it may involve 
any tissue— muscle, bone, and tendon may be alike impli- 
cated. It usually infects lymphatic glands, but very 
rarely occurs in internal organa. 

Cylutilrlcal Fplili(iliow.a or Adenoid Oano&r . — ^’These 
terms are applied to those forms of epithelial ^a^cer 
which grow from mucous mem br^ij^es 'with . columnar 
(cylindrical) ejpitheliuni, as from those of the stomach and 
intestines. In these tumour^i the epithelial elements are 
similar to those of the mucous ihembraue from which 
they grow. They are cyliudrictil in shape, and are 
arranged peipendicularly to the walls of the alveoli in a 
manner precisely analogous’ fo that oF"the columnar 
epithelium on the mucous surface. There is rarely a 
formation of concentric globes, and the growths are of a 
soft, and often gelatinous consistence. These tumours 
cause secondary growths in the lymphatic glands, and 
sometimes in the liver and lun^s, which possess the same 
characters as the priipary cancj| 3 P.;; The distinction be^ 
tween them ""and simple adenesj^ajs often ^ceedingly 
difficult. (See Adenoma oJf Mneous Membranes.’’) 
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the first place to make a distinction between epithelioma 
and the other varieties. Epithelioma, as far as its malig- 
nancy is concerned, occupies a very inferior position to 
soirrhus, encephajoid^ and <iplJoid. These latter -varieties 
of cancer possess in the highest degree malignant pro- 
perties. They extend locally, invading indiscrimin?itely 
the tissues amongst which they grow*, and reproduce 
themselves in the lymphatic glands and in internal 
organs. In the process of disaemination, however, they 
present some peculiarities which distinguish them from 
growths which are sometimes equally malignant— viz., 
the sarcomata. The cancers are characterised by ibeir 
great tendency to reproduce themselves iu the neighbour- 
ing lymphatic glands. This implication of the lymphatics 
is usually much more marked than in the sarcomata, 
in which it but comparati^j|^ rarely occurs, and this is 
probably owing to the communication of the lymphatic 
vessels with the aveolar spaces of the cancerous growth. 
The general dissemination in internal organs, on tho other 
hand, is often effected much, less readily in cancer than in 
^rcoma, and the course of the former is therefore some- 
times more pi-otracted than that of the latter. 'This 
difference is explained by the difference in the distribution 
of the blood-vessels :-^in cancer, these are contained in 
the stroma, and very rarely come into contact with the 
cells of the growth; whereas, in the sarcomata, they 
ramify amongst the cells, and their walls being composed 
of thin embryonic tissue like that of the growth which 
they supply, dissemination through the medium of the 
blood is rapidly and readily effected. In cancer, the lymph 
being so impoHant a medium of infection^ the reproduction 
l^,of the growths m organs considerably 

delayed ; the progw^^ disease becoifes arrested by 

the lymphatic glands,' sail its ^further dissemination is 
often only effeciisd after these have become very generally 
and extensively involved. 

With re^d to the difference in the clinical charac- 
ters of thj^ three varieties of cancer-^the disaemination 
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of enoephaloid takes place much more rapidly than that 
of scin'hus, owing to the greater rapidity of its growth, 
its greater vascularity, and the greater activity of ite 
opitlieliai elements. Colloid is somewhat inferior in the 
degree of its malignancy to both scirrhus and enccpha- 
loid. 

Exjithelioma is of all the cancers much the leasts malig- 
nant. Tt extends locally, and may infect the neighbour- 
ing lymphatics, but it comparatively rarely reproduces 
itself in internal organs. This is probably owing to the 
size and character of its epithelial elements, which render 
them much less liable to be transmitted by the blood and 
lyinph-streanis than are the cells of the other varieties of 
cancer. 

In all the varieties of cancer there is a tendency for the 
secondary growths to repcat^e characters of the primary 
one. This is moat marked in epithelioma. In scirrhns, 
the secondary growths in internal organs, although some- 
times resembling the primary tumour, are often more 
rajudly develoi3od, are softer and more vascular, and in 
accordance with the distinction which has been made 
between scirrhus and encephaloid, they must be regarded 
as belonging to the latter variety of cancer. 
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.CYSTS. 

In addition to the new growths already described, there 
is a large class of formations, many of which cannot bo 
regarded as ** tumours” in the strict apply ation of this 
term. These are the cysts or cystic tumours, 

ia a ca vity contai ning licfuid or pultaceoug 
materiai, which is sept.TatedJro3irilS surroundi^^ struc- 
ture's by a, , ojv..le3a Bwinct^ psule. It may be a 
now formation, or a pre-Sftistiug^ructure which has 
become distended by its own secretion, or by extrava- 
sation into it,^ The former, only, comes within the 
category of new growths, although, for the sake of con- 
venience, it will be advisable to consider them both under 
one head. 

There are thus two principal inodes by which cyst^ 
originate — one, tlie most frequent, by the gradual * accu- 
mulation of substances within the cav^es of pre-existing 
structures, which are, for the most pai^ products of their 
own formation, being in some cases a secretion, and iit 
others a ceU-growth j the other, by the independent for- 
mation of a cyst in the tissues. 

The aecumulaiion of secretions and of other ‘products 
within ^e-essisting camiies, may ]^ effi^ted in the three 
followir^ways : — 

Ist. the rete ntion of, the normaJ ae cretmn owing to* 
the closnre'of eicretoi^ducls—as sZTdfteh occurs in 
sebaceous glands. 

2nd. By^xcessive sei^&n, the cavity being unpro- 
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vided with an excretory duct— ae in the formation of 
hursee. 

3rd. Byjiho extravasation of blood into th e cavit y— -as 
in hsematocele. - • 

Thi independent form<xtion of a cyst may take place — 

1st. By the softening and liquefaction of the tissues in 
some particular part, owing to mucoid or fatty changes. 
The tissues around the softened matters become con- 
densed, and ultimately form a kind of cyst-wall. 

2nd. By the enlargement and fusion of the spaces in 
connective tissue, and the accumulation of fluids within 
them. The surrounding tissue becomes condensed, and 
forms a cyst-yrall ; and this may, in some cases, become 
lined with secreting cells, 

3rd. By the formation of a cyst-wall around foreign 
bodies, parasites, or extravasated blood. 

Structure. — The wall of the cyst ^11 vary in its 
nature according as it is a pre-existing or a newly formed 
tissue. In the former case, it >^111 possess an epitheli al 
lining which"win‘pfesenr"the*same as thaToF 

the giand, reroiis membrahlS^’^ "otKer structui^ 
which the cyst^Vyrigmated.^'^IFtB^ystlT?^ 
if rarely pqsst^ses an epil^eB aJlTningn^ c onsists si mply 
of a fibrous capsufe. The c^sTf^wairTs sometimes"^^ 
^‘connected with the adjacent parts, so that it can only 
with difficulty he eei)aTated ; in other c^es, the union is 
much less intimiSEe^ Instead of being a distinct struc- 
ture, it may be simply the surrounding tissne which has 
become dense and fibrous in character. 

The contents of cysts are very various, and may serve 
as a basis for their classification* In the retention-cysts, 
they will vary with th% nature of tho nbrmal secretion— 

I serum, sebaceous rnarnr, saliva, milk, spinal duid, and 
other substances are thus found jn these, cysts, more or, 
less altered in character from^eing r<st 0 >in 6 d in a closed 
cavity. the exud ation-pysts, u the most^- 
qu^t consfituSS^^ ^3 
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those cysts which originate from the softening and break- \ 
ing down of tissue, the contents are the products of t 
retrogressive tissue-metamorphosis, and usually consist 
largely of mucin, fatty, matters, and scrum. 

Sbcondaiiy Changes. — ^These may take place in the wall 
of the cyst, or in its contents. The cyst- waft itself *may 
become the seat of new growths, and produce secondary 
cysts, villous, glandular, and other structures: — this 
occurs in many compound ovarian cysts. It may also 
be the seat of an inflammatory process, which terminates - 
in suppuration and granulation, ^and by this means the 
cyst fre^iu^ntly becomes obliterated, its contents being 
either absorbed or discharged externally, and the cavity 
closing by granulation. C^alcification and^ ossification of 
the wall may also occur. TK^contents" of cysts“hndergD 
various changes, owiflg -to their retention in a closed 
cavity. The sec r etions b ey me altered in character, 
thickened anj^yiscid. (EpiffieSal elements undergo fai^ 
changes, land so give rise to cholcsteria crystals. Cal- ^ 
cifi cation of the conten ts isj^ lso co mmon^ / ' 

Cysts may be eivi^Te or com^joii7id. A simple cyst 
oonsislT oFiTsm^erioculus.^'A^com or mnltilocnlar 
cyst is one consisting of numerous loculi, which either 
communicate with one another, or remain isolated. Ano- 
ther variety of compound cyst, consists of a cyst with 
endogenous growths, the larger cyst having others grow- 
ing from its walls. A compound cyst may become a 
simple one by the destruction of its walls. 

.Cysts are frequently associated with otW growths, 
henco the terms— cystic-sarj^ma,” ** (^st|(>oancer,” Ac. 
It is especially in those growths which ori^nate in glan- 
dular structures, as in the maMna, testicle, and ovary, 
that this eombinatiuU' is met ^th. The cystic develop- 
ment may eilmost ehtixelyijiUtemte the structure of the 
tumour in whic]^ it ^kes pkce) so that ultimately the 
latter l^pmes converted intp„.a combination of cysts. 
In other cases large' ■tKxrrions \)f the tumour grow into 
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the cystic cavities. Considerable difficulty is thus jiot 
linfrequently caused iu determining the nature of the 
original growth. 

CLAssme^TTON.— Cysts may be most conveniently clas- 
sified according to their mode of origin, thus : — 

CLASSIFICATION OF CYSTS. 

I. Cysts formed "by the accumulation of substances 
within the cavities of pre-existing sWuctures, 

A. Eetention Cxsts.— ^Cysts resulting from the re- 
tention of normal secretions. These include — 
a. Sebaceous Cysts.— l^hese are formed by the re- 
tention of secretions in the sebaceous glands. 
Such are comedones and atheromatous tu- 
mours. 

Mucous Cysts,— These are formed by the reten- 
tion of secretions in the glands of mucous 
membranes. 

y. Cysts from ili^ retention of secretions in other 
parts, including — Ranula, from occlusion of 
the salivary ducts ; Encysted Hydrocele, from 
occlusion of the tubuli testis ; cysts in the 
mammary gland, from obstruction of the 
lacteal ducts; simple and some compound 
. cysts of the ovary, from dilatation of the 
Graafian follicles; and simple cysts of the 
liver and kidneys. 

15. E^daxion Cysts. — Cysts resulting from exces- 
mve secretion in cavities unprovided with an 
encretory duct. These inclade iBursm, Ganglia, 
Hydrocele, and many cysts in the broad liga- 
ment, ,, > 

C. Exteavasation 0:|fes-~^ysts resulting from 
ostravasation in^closed^ca^^es. These in- 
clude Haematocelo, and some other forms of 
sanguineous cysts, ' ' . 
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II. OysU of mdependent origin, 

^ A. Cysts maui Softening op Tissues. — ^Tliese are 
especially common in new formations, as in 
encliondroma, lipoma, sarcoma, &c. 

B. Cysts pbom Expansion and Fusion op Spaces 
IN Connective Tissue. — These include — * 
a. Bw'saOi originating from irritation and exuda- 
tion into the tissues. 

fi, B&roue cysts in the neck (often congenital). 
y. Many compound ovarian ^sts.^ 

0. Cysts pobmed abound Foreign Bodies, Extha- 
VASATED Blood, and Pabasixes. 

D. Congenital Cysts. — Those include many Der- 
moid cysts. These appear often to be the 
remains of blighted ova. They contain fatty 
matters, hair, teeth, bones, &c. 

* Soo Dr. AYilsoa Fox, on Cystic Tumours of tho Ovary, ‘ Med. 

Cbir. Soc. Trans.,” vol. 2dvii, 
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INFLAMMATION. 

* The morbid processes wliich liave thus far been described 
have been mainly characterised by some alteration in the 
nntrition of the histological elements of the tissues ; either 
by a dimimition in their nutritive activity — as in atrophy 
and the degenerations, or by an increase — as in hyper- 
trophy and the new formations. In the process of 
ir^ammatian an alteration in nntrjtion also plays a 
prominent part, but changes in the blood-vessels and in 
,the circulation are its essential and most iisaportant con- 
stituents. 

Inflammation may be defined to bo the succession of 
ohangea which takes place in a living tissue a.s the result 
of some kind of injury, provided that this injury be in- 
sufficient immediately to destroy its vitality. "With re- 
gard to the nal^iire of the injury — -it may insist in some 
direct ‘dj^age to the tissue, either .lO' 'mechanical or 
ehemicfd agents, or by flubstanoes conveyed to it by means 
of the hlopd-yessels or lymphatics ; or the injury may be 
indirect, as in some cases of infiammation of internal 
organs arising from e:sposnre to cold* ^^.^11 cases^ how- 
ever, some injury of the tissue~^n injury which impairs, 
and if of liufficienl ihtmisity would destroy, its vitality— 
precedes -the occurrence of the local changes It^hich con- 
stitute the infiammatory process. 

. The exact nature of these changes* ha», for the most 
part, been ascertained during the past ten years^ 

to the experimental resear(^es of Professors 
Cohnhehu, Strieker, and Burden Sand6rsm^\(|^e ineth<^ 
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of investigation has consisted in the aHifioial production 
of inflammation in the lower animals, and the obser- 
vation of the pr^sess as thus induced. The process 
comprises — 

1st. Changes in the l}lqod-‘Ve88"el8 and circulation, 

2nd. Exudation 0 / liquor sanguinis and migratihn of 
hlood-corimsclcs ; and 

' 3rd. Alterations in the nutrition of the i/nflamed tiss^ie. 
It will be 'well, in the first place, to consider each of 
these separately, in the order in which they occur, and 
subsequently to endeavour to pint out how far a causal ‘ 
relation exists between them. 

X. Changes in tue Blocjjd-vessels and Circulation.— 
Changes in the blood-vessels and circulation, rcsultinsr in 
^ incmisedjrascular^ have ever been regarded as playing 
a most important part in inflammation, as upon them 
principally depend those sigua^of the process which Ire 
most obvious during life. The redness, heat, and swell- 
ing, which are so constantly met with in inflamed tissues, 
are in great measure due to the attendant hypenemia. 
The swelling, however, is in most cases dependent rather 
ii^)on the effusion than upon the over-fuhiess of the 
blood-vessels. 

These changes in the blood-vessels and circulation are * 
.essential conyuJtuenfs of inflammation, both in yascular 
and, in non-vasoular tissues. In the Jatte^ which com-fc 
prise the cornea and cartilage, they take ]^|.Se in the| 
adjacent vessels from which tlmse tissues ' derive their! 
nutritive supply. THe nature of these vascular changes : 
has been studied by the artificial production of infiamma- 
tion in transparent tissues, in wMch the circulation can bo 
readily observed; the web, mesentery,' and tongue of the 
frog, and^the wing of the bat, being most convenient for 
this purpose.' The phenomena^ as obi^erved in the mesen- 
tery of they froig, Vhich has been previously curarised, 
ifiay be; thus briefiy described : — 

The first effect, bf injury ci the mesentery— mere eat* 
posure air being sufficient for the purpose — ^is to 
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cause dhlataiion of tlfe arteries, and after aopieJnterviaJj 
a similar dilatation of the jeins and capillari^g. The 
dilatation of the arteries commences m once, and is not 
preceded by any contraction. It gradually increases for 
about twelve hours, and is accompanied also by on in- 
crease in the length of. the vessels, so that they become 
more or less tortuoip^. This e nlargement of th^ blood- 
vessels is associated at tlie commencement of the proces s 
. with an acceWation in the flow of hlood;; this, however, 
is soon followed by a^considerable reic^daiwn In Jflie 
circulation, the vessolsS^etill remaining dilated. These 
alterations in the rapidity of the blood-flow cannot be 
owing to the increase in the calibre of the vessels, which 
remain throughout dilated. 

It has, however, long been known that the acceleration 
of the blood-flow in an injured part— the so-called determi- 
nchtion of blood, which was eo correctly described more than 
thirty years ago by Dr. 0. J. B, Williams, is not neces- 
sarily followed by retardation. ' It may gradually subside 
without retardation or any of the essential phenomena of 
inflammation taking place. Oohnheim has consequently 
stated in his more recent researches on inflammation, 
that the dilatation of the vessels and the increased 
velocity of the blood- current which ensne immediately 
after the infliction of the injury ar^ only temporaiy and 
accidental They may even, in some cases, be followed 
■fcgr contraction before the permanent dilatation com- 
mences. The permanent dilatation and diminished velo- 
city, on the other hand, come on slowly and are perma- 
n^t, and these must be regarded as the proper vascnlar 
;[flienomena of inflammation. These proper phenomena 
may boi induct without the previous occurrence of the 
accidonWones.*, , » ^ ^ 

In studying the retardation of the.oirQulation in the 
dilated vessels of the mesentery^ it be fqund that 

■ ^ UntersttchuDgeii rffeer-die EiitS5iln4ang^’l Oohnheim, 
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this, sometimes commences somewhat suddenly, and that 
it is usually first observable in the veins. It gradually 
increases, until, ultimately, in some of the capillaries the 
blood-stream completely stagnates. This constitutes the 
condition known as i nil(^ifpq,t oTy stasis. 

As the circulation becomes slower, the white blood- 
corpuscles (kucocytes) ac cumulate in the vei ns, ^heir 
natural tendency "fid'^^aSHere to theTBiJes ofthe vessel is 
increased, so that they may nearly fill the tube. At the , 
same time thej^exhibit actiye^mjj^yements, by means of 
which they penetrat^ the vmllaM. the vessels and pass 
into the surrounding tissues. Having escaped, they con- '> 
tinue to exhibit active movements, and they may probably 
multiply by division. The red corpuscl es also accumulate, 
more especially in the* capillaries, and they likewise escape 
through the walls of these vessels, although in smaller 
numbers than the white.- The mesentery thus becomes 
so filled Vith escaped corpuscles that but little else is to 
be distinguished. These phenomena "will be described 
under the head of “ Exudation of Liquor Sanguinis and 
Migration of Blood-Corpuscles.” 

Staei ^. — The phenomena of stasis can be better studied 


in a more localised iiifiamm&tory process, such as may be 
produced by the -application of some injurious agent — a 
small piece of nitrate of silver, for example^to the 
tongue of the frog. The stagnation of - the blood which 
ensues is described by Cohnheim in his mm'e recent re- 
searches, already alluded to, as being most marked in 
those capillaries which are uitnated in the .more central 
portions of the, inflamed area — here Iheye is absome 
stasis and no emigration of corpuscles takes places Out- 
side this there is an area in which the blood is rirculating 
very slowiy, and here Jboth red and white, corpuscles pass 
out of ih© capilla^esV' 'whilst more externally still, the 
white ebr^nsd^ cmy escape; from the veins. The central 
area, whicJi usually dies, is thus surrounded by an enor- 


mous number of red am) white corpuscles; the red 
corpuscles^vhioh have accumulated m this area are a6 
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Obsely packed that their ‘outlines can scarcely be dis- 
tinguished, 

^ II. Bxudatiojj? op LiQtoa Sanguinis ani> Higbaieion 
OP BJW)OD•^CoBPUSCLIls. — Another cbnstitnent of the in- 
flammatory pwcess consists in the the liquor 


a^iigratioii of Mood^Ciyi’pUfSclee^-^Tho migration of 
the^vhite blaod«-corpn1^Ies (leucocytes) through the walls 
of the blood-vessels was first described/ aithtiUgh very in- 
completely, by Dr. W, Addison in. 184r2 * . This observer 
stated as the result of his researcieS, that in inflauaiaa- 
tion these corpuscles adhered to the" walls of the vessels 
and passed through them into the Surrounding tissues. 
In 1846 Dr. Augustus Waller described more fully the 
same pheuonienon, and from his description there can be 
little doubt that he actually observbd4he enrigrktion of the 
corpuscles.f Both those obscivnrs^-^^hcludedi that the 
escaped blood-corpuscles became pits-Cprpusolos. Their 
observations, however, were but littlefeought of and were 
soon forgotten, and it was not until 1867, when similar, 
investigations were instituted quite independently J)y 
Professor Cohnheim, of Berlin — to whose minute re- 
se^hes we must ascribe molt of bur present knowledge 
oAlhis subject— thaj the emigration of blood-corpnscles' 
came to occupy |^n important place, in the pathology of 
mi^mmation.|:^^ ; . 

~ .'^^e ekigfat^n may be observed in the mesenteiy of 
Wl^ch bas previously beem paralysed by .tbe anb- 
Ejection of curare. The changes m the 
^ulatiOn» and;tbe-aecnmul&^ 
i|r, part,, havfe been alre^djr^ 
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, The whi^ blood^ corpusctes (leucocytes) which have 
accumulated m^lSge^TnrfiiTiers, e8peciall3Liiu.tfeo>yQiufi, 
TeiuaiiLalmo 8 t.fltatio.na^_agynBt^..%e^n^ oCithe vessel, 
the blood-current passitig by them, although with much 
diminished velocity. Th<]^ imin^ately adjacent to ^e 
wall, gradu^ly sink into it, and pass through it into Ihe 
surrounding tissue. lu doing so^^eymaybe observed 
in the varioUE stag^^ of thmr ;plMI&ge. At hrst s&all 
button-shaped eWatibhs ara seeW. springing from the 
outer wall of the vessel . These gtadually increase until 
they assume the fc«m. bl peai^shaped bodies, which still 
adhere % their small ends to the vascular wall. Ulti- 
mately the small pedicle of protoplasm by which they are 
attached gives way and the passage is complete,, the. cor- 
puscle remaining free outside the ve^ej. 

The red corpusd ea at the same time pass out of the 
vessels, hut in less considerable numbers, and their transit 
is mainly through the walls of tlm c apil laries, in which, 
they have more especiaSy accumulated, As has already 
been state^ in those portions of the inflamed tissue whera 
absolute stasis has occurred, no eWgratioU takes place.^^ is 

/I. Exudation of Li^^r Banguinie . — ^Associated witjr^ 
the passage of the blood-corpuscles through the walls of ^ 


the vessels, is ^ e:|md ation o £.the.%imn^ The 

. eapaded liq^uor ,8auguims---which . cohStttute^ 
known 

lAioh transudes .as jhe re^^ mmple 

cS^estioSrTnasmucr cgnteinsC 

prbipRiftibn of '4bumen and flhjin0geu.<ms 
proportion which in^eas^ 
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<^t he t isai^. The quantity and nature of the effusion 
will thus vary with the tissue inllamed, and with the 
severity of the mflaramutory process. In non-vascnlar 
tissues, as cartilage and the cornea, exudation can only 
OQour to a small extent from the neighbouring vessels, 
and hence the effusion is small in quantitj;. In dense 
' organs, as the liver^nd kidney, owing to the compact- 
ness of the strnctu*a large amount of efiusion is im- 
possible, and what there is, is so intermingled with the 
structural elements of the organ that it does’ not appear 
as an independent material. In the kidney it escapes 
into the urinary tubes, and so appears in the u*ine. The 
effusion is most abundant, and constitutes an important 
vmhJc constituent of the inflammatory process, in inflam- 
mation of those organs which possess a lax structure and 
in which the vessels are but little supported — as the lungs, 
and in tissues which present a free surface — as mucous 
and serous membranes. 

III. At.THKATIONS in the JTuTBITION 0F the iNFLAJtf ED 
Tissue.* The remaining constituent of the injammatory 
process consists in a lteratio ns in the putrition.,of. the 
el^mcntii of.thc infixed tissue. > 

The question as to how far tlie cellular elements of the 
tissue participate in the process of jpflammation is one 
which even in the present state of our knowledge, owing to 
the difficulties which beset, the histological examination 
of inflamed structures, admits only of an incomplete 
answer. ' The subject has, for the most part, been iiives- 
i*;tigated in the la^rer ahimals, in which inflammation has 
‘Been artifieiaUy induced. In man, the study of the 
primary changes is difficult, owing to the fact that the 
pibcess can rarely be observed in its earlier ^a^es. These 
eha^^s will be more fully descrihcd..wheh,J(|®sider&g 

snffici^tit in the present place indicate the^, 

generaT characters. , " 

The altemtions in nutrition which accompany ihflam- 
are in certain tissues effiameterised l^an 
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tion of the nutritive functions of some of the cellular 
ekments involved in the inflammatory process. Thi»s *is ^ 
evidenced hy ah increase in the, activity of those elements 
which normally exhibit active movements, as the amojboid 
cells of connective tissue and of the cornea. Cells, which 
under normal ciroum^tanc^ undergo no alteraticihs* in 
form, and exhibit na active hiovemeuts, become active — 
sending out processes, and undeig;^g. various alterations 
in shape. (Fig. 61.) This increase in the activity, and 

Fio. 61 . 


Amahoid^Z/^ucocyiM, (v. Beoklinghausen.) 

variation in the form of the cells, is nsually accoiDpanied 

frequeiitly by its 

division, or by f acuolation and endogenous development, 
and thus by the formation of new cells. In many cases 
the protoplasm* as it increases in hulk, becomes cloudy 
and grauular, so much- so as fre^ently to completely 
obscure any nucM which it may contain. This occurs 
especially in epitnciial elements, and, it constitutes the 
cohditiou known as “ clou ^ swellin g “It is well seen 
in the glandular epithelium of the kidney in acute tubal 
nephritis. (See Figs. 104 and 106.) \ * ' 

A few years ago the cells of nearly all tissues were 
believed to exhibit these active changes; in^inflainmatihn, 
and many of the young elements which abound in in- 
flamed parts were regarded as the, produ^s of their pro- 
Bferatioi^ our nu^ods of :h^to}^ 9 al inyettigation 
impr6ve^o:?7ever, andespew&^/mk^ of ^ 

the chloride of gold process by Oolmbeim, it has become, 
increasingly obvious that the' part which is played by the 
cells of the tissue in inflammation is much less than was 
formerly supposed^ and that in many oases the young 

• 2 
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elements which infiltrate the ipflamed structure are solely 
escaped leucocytes. ^ 

The physiological pec^iarities of the cellular elements 
appear to influence very considerably their liability to 
undergo these active changes in infiammation. The cells 
in whi<ih active changes undoul^dty occur are those 
which are »omn%.jfitive, and m which growth and 
proliferation are assoit^ted with the maintenance of the 
tissue of which they are constituents. Such are epi- 
thelial elements. The activity of these is increased in 
the process of inflammation, and it is in inflammation of 
the skin, of mucous membranes, and of glandular 
structures, that cellular activity and proliferation are so 
constantly mot with. The same is also true to a less 
extent of endothelium, as is exemplified in infiammations 
of serous membranes. In Jhqse cells, on the other hand, 
in which iiannallX n^o ^tive changes take place, as 
the fixed cells of connective tissue and of the cornea, 
and probably also those of cartilage, it is doubtful if any 
activity is manifested in inflammation. The age of the 
cells probably also influSices their tendency to become 
active, the younger feing less stable and more prone to 
proliferate than the mder elements. 

Although the earli er alteration s in Jhe nutrition of the 
celltilar elements of inflamed tissue?hre thus in many 
cases those of increased activity, the subsegLuentjpjRcs are 
characterised by nutri^n The well- 

known effect of inflammation is to injure the part 
.j^fected by it. This injurious influence is in great 
measure duo to the and to the jsfitetjon 

, of^S^etissue which have 

escaped from the blood-vessels. (See “ Simpuration.*’) 
If ihe inflammatory process be of considerable severity 
and be induced i]>,a wide area of the tissue, the 
nutntkm may become completely aril^esi^d, and gangrene, 
be jbhe ultimate result. (See Causes of Gangrene.”) In 
inflfammations of less intensity, the destruction of the 
lose marked, the young oeUi? which infiltrate it 
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may undergo fatty degeneration and become absorbed^ 
and the p.irt thus recover nK|re or less completely its 
former condition. (See ** Inflammation of Common Con- 
nective Tissue — Resolution.*') In other cases, especially 
in the less severe forms of inflammation, many oi^ the 
young cells, both the Emigrants and the offspring of the 
tissue proliferation, un4ergo progressive changes and lead 
to the development of a permanent tissue, which is, how- 
ever, for the most pari, inferior in its organisation to 
the parent structure. (See “Inflammation of Common 
Connective Tissue— Organisation.”) This tendency of the 
new elements in inflammation undergo progressive de- 
velopment will vary with the tissue involved, and with 
the intensity of the inflammation. The more intense the 
inflammation, the more abortive are the young cells, and 
the less is their tendency to form a permanent tissue. 
(See “Acute and Chronic Inflammations.”) 

In connective tissues, these changes in the cells are 
necessarily accompanied by changes in the intercellular 
substance. The latter are for the most part characterised 
by softening. In common connective tissue the fibres in 
the first place become, succulent and less distinct, and 
ultimately they are completely destroyed; in cartilage 
the matrix soften % and liquefies ; in bone, the lime-salts 
are removed, the lamellm disappear, and the osseous 
structure becomes converted into medullary tissue. Hence 
the destructive effects of the inflammatory process. 

Having thus briefly described the succession of changes 
which occurs in the process of inflammation, it remains 
to consider in what way these result from the injury of 
the tissue, »ad how far a causal relation subaister^between 
thorn.* 

The first apparegiit change *4tiieh follows ihC fi^'ury of 

* The followuig conduslons ai^ in the main thoHe am red at by 

Professors Stacker and Burdon Sanderson. — Molmex's J^stem 0/ 
Siffry^y, vol, v. See also Lectures on the “ Pathology of the Pro- 
cess of Inflammation,’* by Professor Sanderson.— Zance^ vol I 
1876 . * 
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tlie tifisoe consists in the dilatation of the hlood-vessels, 
and in an cicccleraiiotv oJ^||bhe flow of blood. Kespecting 
the cause of this primary vascular phenoTnenon-*-the 
physiological investigations of Ludwig and Lovdn show 
that similar dilatation of the vessels and increase in the 
activity of the circulation is produced by the excitation 
of a sensory nerve in those parts in which the nerve origi- 
nates. It was stated in a previous edition of this work 
that the primary vascular phenomena in inflammation 
were probably in the same way owing to an injurious 
impression received by thg sensory nerves being reflected 
by the vaso-niotor centre to the vessels. The more recent 
investigations of Oohnheim, however, which, have been 
already quoted, render it necessary that this statement 
should be modified. Cohnbeim produced precisely the 
^amo phenomena in tho tongue of the frog after every- 
thing had been cut through with the Ixcoption of the lin- 
gual artery and vein ; and also, in another case, after com- 
plete destnictiott of the brain, medulla, and spiiial cord, 
as those which occur in the intact animal ; and he con- 
siders that the vascular dilatation and accelerated blood- 
flow are due to the dirfic/, influence of iJie injurious agent 
upon the walls of ^le These experiments 

therefore appear to prove conclusively that the initial 
injury of the blood-vessels is not necfi^soirily reflex, 
alfhough they do not exclude the probability that it may 
be sj under certain circumstances. 

With regard to the cause of the retardation of the 
blood-stream which so quickly succeeds its acceleration, 
and which ihay ultimately terminate in complete stasis--^ 
this also is due to some jdteration.iiiLji^^^ prop^erties <?f 
•^e' walls of the blood- VOS through whicBo tie tlood 
passes. That the retan&tipti and ultimate stagnation of the 
blood-stream in acute inramamation i^^iue tos. alterations 
in the walls of the blood-ve^els and no^ to changes in 
the blood itself, was first shown by Mr. lister.^. Mr. jLister 



” — PhUosoph. Tram., 
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proved experimentfiillly that the blood removed from an 
inflamed part did not diflfer iij^ the" tendency of the red 
blood-corpuscles to cohere to one another from normal 
blood ; and he concluded, that the accumulation of the red 
corpuscles in inflamed tissues, and their adhesion to one 
another and to the walls of the vessels, was owing to*thcir 
natural tendency to cohere together when in ahyiorwal 
circumstances, .such as occurs after their removal from 
the body ; and that this coh^on in inflarnination which 
leads to stasis was due to im ^ired vit ality^of the walls of 
the bloo d-vessel s. ^Thi^.'concfosion of Mr, Lister has been 
verified by more recent ifivestigdtions. Ryneck has shown 
that stasis may be produced in the web of a frog, in 
which milk or defibrinated blood has been injected in 
place of the normal blood; and also that in vessels, the 
vitality of which Has been destroyed by the injection oiL 
poisonous metallic substances, no sthsis can be produced.* 
Tlie investigations of Prof. Cohnheiiu are still more con- 
clusive. Oohnheim ligature the ear of a rabbit at its 
base with the exceptiou of the median artery and vein, 
and emptied the vessels- of their blood by the injection of 
a weak saline solution. He then injected into the emptied 
vessels various irritating solutions, and on again allowing 
the blood to flow through the thus injured vessels all the 
phenomena, of inflammation ensued.f" fie also conducted 
a series of experiments, the result of which was to show 
that if the circulation in any orgen {as.tlie ear of the 
rabbit) be completely arrested for^i 'enflioient length of 
time by the simultaneous occlusion of ' the" arteries and 
veins, and then the blood be again aQoWbd^to OTCulate, 
dilatation of the Vessels, hyperjE©mia>?Atagnation, exuda- 
tion, and |11 the phohomena of Vfla^i&atiop taka place 
in the part, these phenomena b^g oHyiouslyr due to the 
damage sustained ^y the owing 

* Byneck, “ Zur l^euntniss der Staso des Btiitesln den Gefaseen 
Entzttudeter* Theile.”— Rollers Untersuch* am rfm ImtHtute jUr 
Physy u. liiM. in Gras, 

t Neue UntorauehaDgen liber die Enizuiidang*” Cobnheim, 1873. 
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to their privation, for a sufficient length of time, of arte- 
rial blood. (See “ Hismoirliagio Infarction.”) The results 
of these experiments appear to be conclusive, and show 
that the retardation imd ultimate stagnation of the blood- 
jstream in inflammation, are owin g to som eJbnpairment of 
[th^itajLpniperties of ihe wajls of the bjo^rvessels with 
■which the circuialing tlppd coi^iesintojCfiiatact. 

In explanation of the phenomena of emigration, which 
takes place coincidently wSBi the retardation of the blood- 
stream — the passage of the white corpuscles was formerly 
supposed to be due to their inherent activity, hy virtue of 
which they penetrated the vascular walls, passing through 
stomata which were believed to exist between the endo- 
theliuni. The red corpuscles were supposed to be forced 
through these openings by the increased blood^pressnre. 
That neither of these explanations is sufficiexit to account 
for the plienomena is khown by Oohnheim’s recent inves- 
tigations. These appear to prove conclusively that the 
emigration of the blood-corpuscles and the exudation of 
the liquor sanguinua are like the* other phenomena of in- 
flammation, due to mmeimpawment of the vital ]pro^terties 
of the walls of the hlood vesseh. Hence, as so well stated by 
Dr. Burdon Sanderson, inflammation is simply the aggre- 
gate of those results which manifest themselves in an in- 
jured part, as the immediate consequence of the injury 
to which it has been exposed— an injury, it must be borne 
in mind, wh,ich, if of^ sufficient severity, would have led 
to its death. 

The remaining constituent of the inflammatory process 
— the alteration in the nutrition of the inflamed tissue — 
succeeds the changes in the circulation and the exudation. 
Respecting the cause of the increased nutritjye* activity 
of the cellular elements which characterises inflammation 
jin certain tissues— -it is prohnble that j^is is, for the most 
'part, the rgsujt of the stimu^^^ cells 

liquor sanguinis froto the bloqS-yew 

the well-known experiment of Professor Strieker on the 
transjjlant^ cornea of the frog, quoted in the last ediition 
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of this work, cannot now bo accepted as conclnswe. Tbe. 
impairment of nutrition produced by inflammation is due j 
partly to the stagnation of the blood, and partly to thej 
injnriona influence of the products t^ch escape from thei 
blood-vessels. (See “ Suppuration.”) ^ 

^ SuppuRATiONsir-SuppuTation, and the formation of ab- 
scesses, is a very frequent result of the inflammatory 
process; it occurs much mofe frequently, however, in 
some inflammations than in others. As a rule it may be 
stated that the more intense the inflammation the more 
abundant is the formation of pus. . ^ 

The essential co nstit uents of pus a re c^s and a liquid 
in which they are suspended. The liquicrhS^^^lkalifie 
iSaottoh^aSd clo^ ^ resemETee t he liquor sanguinis. It 
c^taml Ima mus kineb of al bnme n, fat ty matter^^ and in- 
ovganic^n ^tances M The iyis, or pua-cm'pmdes (leu- 
cocytes) are incESSnguishable from the white corpuscles 
of the blood. Ji.8 seen after death, the^^^are spheiical, sphe- 
roidal, or irregular-shaped, semi-transparent bodies, from 
^ rAny of an inch in diameter, containing a varying 
number of granules, and usually one or more distinct 
nuclei. (Fig, 62,) The addition of dilute acetic acid 

Fiq. 62. 

Pus^i>rpfiscleB at teen (tfter «. B^ore, 6. after, 

the addition of dilute acetic acid. • x 400.* 

causes the qf 11s to swell up ; they become more spherical 
and transparent, and the nuclei are r^d^^d z^re appa- 
rent. The sisse q|the corpuscles and the 

number of the^ granules, present manifold variations. 
Pus-corpnscles, like white blood-corpuscles, lymph- 
corpuscles, and many other young cell-forms— all of 
which are included under the common term of Imeocytea 
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—are masses of contractile ^protoplism. They possess 
the power of spontaneous movement, and when living 
undergo continuons alterations in form; and migrate in 
the tissues. (See 61 .) They may also multiply. 

The mode of origin of pns has been the subject of 
mnct controversy. The liquid . ingredient proceeds di-^ 
rectly or indirectly from the blood, it iV^e exuded liqu(jf 
sanguinis : about this there is no dispufeT ^Tire difference 
of opinion which exists is respecting the origin of the 
formed elements. Without discussing the theories which 
have been advanced by different pathologists, it must now 
be admitted that there are at least two sou rdeB/rom which 
the cells of pus may be derived — and 
the other from the infiamed tiftmes. . 

It has been seen that in the process of inflammation 
iniiumcnible white blood-corpuscles pass out of the vessels 
into the surrounding tissues, and as these are indistin- 
guishable from pus-corpuscles, it must be conceded that 
one mode of origii^ of pus is from the blood. Further, 
the white blood-corpuscles may multiply, and it is jiro- 
bable iliat by this means the production of pus may bo 
^greatly increased. 

The other source from which the cells of pus are de- 
rived is from the cellular elements of the inflamed tissue. 
In certain tissues, as has been seen— especially in epi- 
thelial and eitdothelita tkanes— ^the c eUs are the 
active changes in inflame may multiply and 

form new cells, and the more intense the inflammation, 
the more lowly organised are the newly formed elements, 
and the less is their tendency to torm .a permanent tissue. 
Some of theseii* newly formed »^peils constitute pus-cor- 
puscles. These, in this case, must be regarded as ybung 
elements Insulting froxi^toe proUfera^h or the tissue, 
which are oT low vi^lity^ and soon p|rish. 

Although the formed elements df pu's%nay,thus be de* 
rived^th from the blood and from the inflamed tissue, 
dhere can be no doubt that the former is their principal 
eourc|, and , that they are in the main migrated blo^« 
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corpuscles. In tli#earlier stages of the inflammatory 
process, they are mostly, if not all, emigrants ; but in the 
later stages it must he admitted that they may also, in 
certain tiseuiss, be derived from the c^lls of the inflamed 
part. ^ 

Such being the modes of origin of pus, it is evident 
that the more abundant the escape of blood-corpuscles, 
and the more active the proliferation of the elements of 
the inflamed tissue, the greater will be the formation of 
pus, and hence the greater its tendency to collect so as to 
form an abscess. It is consequently in those inflamma- 
tions which’ are the most concentrated and the most m- 
teviSG — provided that the injury be not sufficiently severe to 
cause romj)Iet’e stasis — ^tbat the formation of pus is most 
abundant. The greater the injury sustained by the walls 
of the blood- vessels, the more readily will the blood- 
corpuscles penetrate them, and hence the more abundant 
will be the formation of pus. In inflammations of less 
intensity the escape of blood-corpuscles is less abundant, 
and the prolife1*ation of the tissue less active, so that pus 
is not produced in sufficient quantities to cause its collec- 
tion in the form of an abscess ; it merely indBtrates the * 
part, and may require for its recognition the use of the 
microscope. 

]fus exercises a most injurious influeuc^^^ the sur- 
rounding tissues. The puS-cbjfufecles appear to be en- 
dowed with the power of absorbu^ the tissues with 
which they come in contact," all events, of causing 
their liquefaction. Hence the softening ai^d disintegra- 
tion of the tissues which constitute 'Stiifh a destructive 
element in intense inflammations. / 

Pus which remained for leng&ief time, in the ; 
•ti^es undergoes certain chalks., lj|e fej^ments may j 
undergo fatty be rendered ca- 1 
pable of absorpfton. ^ pus is long confined in a closed \ 
cib^ijy its liquid' portions may become absorbed, Ad its j 
^lla atrophy, so that it gradually dries up into a caseous 
inass, which may subi^equently become calcdfled. 
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. Yakiexies op Inpla-mmation.— luiamniation ei^ibits 
certain variations in its characters according to the 
severity of the injury which produces it. The more 
severe the injury upon which the inflammatory process 
depends, the greater, cceteris fo/nbuSt will be the damage 
sustained by the blood-vessels, and consequently — if in- 
stantaneous stasis be not produced— the greater will 
the tendency to the exudation of liquor sanguinis and to 
the emigration of leucocytes. Hence it is in inflammations 
of considerable severity that the Vascular phenomena 
are often so pronounced, the formation of pus sa abun- 
dant, and the softening and disintegration ol the tissues 
so considerable. Such inflammations, inasipuch as the 
action of the injury which produces them is for the most 
part of short duration, are sometimes designated acnte 
inflammations. 

In inflammations of less intensity, in^which the damage 
sustained by the blood-vessels is less severe, the textural 
changes , occupy a more prominent place, wEereas the 
vascular phenomena are usually much less marked, and 
the formation of pus is less abundant. The precise 
* nature of Hiesc textural changes* must obviously partly 
depend upon the characters of the tissue which is the 
seat of the inflammation, but variations are also produced 
according to the severity of the injurious agent. It 
appears to me to be probably true — that the less severe 
the injury which produces the inflammation, the more 
do the resulting textural changes tend to be limited to 
the connective tissue which is immediately adjacent to the 
blood-vessels and lymphaiicsj whereas iP inflammations 
of somewhat g^ter intensity more distant elements be- 
come involved.' This is ‘seen, for example, ip inflamma- 
tory processes in the ki^eys and in mucous membran|8. 
In the former, the least severe foitpsipf inflammation are 
characterised anatomically by a# incr&se,*ip the con- 
nectSfe tissue around the blood-vessels (see “ Interstitial 
Nephritis’*) ; whilst in inflammations 6f somewhat greater 
inteq^ity, the prominent textur^ change consists in. 
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swelling or prolifewition of tLe epithelium within the 
tubules (see Tubal Nephritis”). In mucous membrane’s 
also, the more severe inflammations are attended by 
epithelial proliferation, the less intense and more chronic 
by changes in' the submucous connective tissue. With 
regard, to the cellular elements in which these active 
(Ganges take place— they are prob ably e migrants, and 
the cells which are the most intimately connected with 
the lymphatic system — viz., the cells of the connective 
tissue, and the endothelium of the lymphatics and of the 
blood' vessel; The tendency of ^e textural changes 
resulting frbnr the least severe forms of inflammation to 
be limited to the connective tissue immediately adjacent 
to the blood«vessels and lymphatics, gives to these in- 
flammation»M;ertaiu peculiarities. The new tissue origi- 
nating around the vessels — consisting in the earlie|; 
stages mainly of small round cells, but ultimately be- 
coming developed*^ into a more or less completely fibril- 
lated structure (an adenoid or fibrous tissue) — leads to 

which it is situated, and 
very cohstahfly, to the subsequent atrophy and retro- 
gressive metamorphosis of its other histological elements. 
These changes will he more fully considered when treat- 
ing of inflammation of the individual organs and tissnes. 
(See “Inflammation of Common Connective Tissue,” 
“ Oirrhi^ of the Liver,” &c.) These least severe forms 
of inflammation, inasmuch as the injury which produces 
them is not only of slight severity, but is usually also 
prolonged in the duration of its action, are often known 
as ckroniG mfiammatioiM, . " 

InflammatTons are also divisible in|jo‘ itifedive and 
non-mfective. The infective inflammatidns are those the 
products of which, possess inf^ve properties, owing to 
wVich the substances which ate absorbed from the inflamed 
part tend to caiise 8e(K)ndary inflammations of the tissues 
with which they come into contact. (See “ Acute ft'uber- 
culosis” and “Pyaemia.”) In these inflammations, Dr, 
Sanderson states, the tissues surrounding the seat of the 
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injury are involved and infiltrated with the inflammatory 
products. The non-infective inflammations,, on the other 
hand, are characterised by the absence of these infective 
properties. 

Inflammations have received difEerent names, according 
to ^he 7iafure of the injury- upon which they de]>end. 
Those inflammations which result from external injuries, 
mechanical or chemical violence, are oallod traumatia. 
Inflammations in which the nature of the injury is not 
obvious, are usually called idio 2 >afMe, Tlie nature of the 
injury may give to the inflammatory process certain pecu- 
liarities. The oontagiura of small-pox, for ^ji^mple, gives 
rise to inflammation of the skin, constituting the “ rash**; 
that of syphilis, to certain inflamma.tion8 of the skin, 
mucous mojiibranes, and other tissues; ^nd that of 
typhoid fever, to inflammation of the intestinal lymphatic 
structures. In all these and numerous similti^ cases, the 
nature of the injury impresses upoif^the inflammation 
certain peculiarities, and in so far a.s the former is specific, 
tlic latte.*' may be called specific inflamii^ations. Lastly, 
inflammat(ny processes may be modified by the existence 
of certa.in constitutional peculiarities. This is the case 
ospccuilly in Scrofula. 

Of these different varieties of inflammation, scrofu- 
lous iiillannnaiion, the infective inflammations, including 
pyajinia and acute tuberculosis, and the speci|p inflam- 
mations_ rc.'iuitipg from the poison of syphilis, will be 
separately considered in the next follc^wing chapters. 
The pathology of inflammation will then be still further 
elucidated by the study of the process as it occurs in the 
various tissues and organs. 



. JDHAPTER XXVI. 

SCEOfULOUS INFLAMMATION. 

The process bi inJBdmtnation when occiirTing in the Scro- 
fulous usually p|*eseats certain peculiarities. 

The constitutional condition known as Scrofula — a con- 
dition usually inherited but often acquired— is charac- 
terised by certain pathological tendencies. Of these the 
most important is an abnorma l susceptibility of certain 
tiss ues to injury,^and a peculiarity in the products ami 
in tlie course of the iuflammati«n which the injury in- 
duces. This susceptibility, more or leas general* is com- 
monly most marked in the mucous membranes and in 
the lymx^hatic glands, although the skin, bones, and 
joints are frequently affected. ITic part, however, which 
is the most prone to suffer varies considerably in diffe- 
rent cases. 

Not only is there this susceptibility to inflammation, 
but thos inffamrnatory proofi as t^ to be exceedingly 
jjrotr^ed ; it is very readiiy ’reinduce^linff^the"^^^^^ 
tions produced in the part differ from those ^caus^ by 
inflammation in healthy persons. Whdh fel^w^tion 
occurs in a healthy individual, if it the 

death of the part, the. iiiflanimatory be- 

come abso^^jaed, or the process leads to suppura&n, or to 
the formatiou of a vascular Ebro-nucleated tissue. In 
.. scrofulous infli^xiaAtioh tfig ^bsor^^ of the inflainma- 
tory muc^ effected they 

tend to injiltrii^ and aemm^dafe in the tissue, where by 
their pressure they interfere with the circulation, and so 
lead; to retrogressive and ca$eou8 changes. There is but 
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little or no tendency to the development of new blood- 
vesselS} and hence there is no organisation of tho new 
growth. 

These peculiarities of inflammation in scrofulous sub- 
jects are to be in great measure ascribed to that 
inherent low vitality of the tissues which obt?uns in 

Fio. 63. 



Scfo/iUom Tnfiammation of a Bronchus. Stfotion of a small 
bronchus of a markedly scrofulous child, the subject of 
bronchitis, which terminated in miliary tuberculosis^ The 
deeper structures of the bronchial are seen to be 
extensively iujiltratrd with colls, most of which are largar 
than those met wth in the less extensive infiltration of 
‘ healdiy inflammation, ^'he ihfiltratioii extends tp and in- 
vades the woUs of the adjacent alveoli, which are seen at 
. ' the part of the drawing. The the bron- 

, ' Chfis contains a little mucus; m. x 2(}0^iiN^||ced 

&is' disoase^ and also to certain ^jecj^^rif^s 'in the 
' |astoI6gy of the inflammatory inducts.:. Virchow long 
. poinM out the richly cellular charactei^ of the pro* 
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ducts of scrofulous inflammation, tlie tendency of the 
ccdls to infiltrate tlie tissue, and the extreme tardiness 
with which the infiltration becomes absorbed. Quite 
recently Professor Rindfioisch has stated that these cells 
are, for the most part, larger than those met with in 
healthy inflammations; and that this being the case, 
their removal by passage into the lymphatics is less 
readily effected.* In tubercle, the close relation of which 
to scrofulous lesions is well known, the, existence of large 
cell- forms is almost constant, and their pathological sig- 
nificance in both these allied products will be more fully 
considered when speaking of tuberculosis. (See “Tu- 
iJercle and Acute Tuberculosis.”) This largeness of many 
of the young cells in scrofulous inflammation, and th(3ir 
marked tendency to infiltrate and accumulate is well 
shown in the accompanying drawing (Pig. 63). 

. These histological peculiarities of the products of scro- 
fulous inflammations not only lead to an extensive and 
obstinate infiltration of the affected tissues, but, as in- 
sisted upon by Rindfleisch, they must in the parenchyma 
of organs, as in the glands and viscera, cause by the 
pressure they exercise, more or less obstruction of the 
blood-vessels, and so interfere with the vascular supply. 
To this interference with the vascular supply, and to the 
inherent low vitality of. the cellular elements, is to be 
mainly ascribed the retrograde changes and caseous 
metamoiyhosis which are so characteristic of scrofulous 
lesions. 

* “ Ziemssen’s Cyclopeadia of Practical Medicine," voL v. Article, 
Ohrouic aud Acute Tuberculosis, by liindileiscb. 
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TUBERCLE 4ND ACUTE TUBERCULOSIS. 

By acnte tuberculosis is uuderstood a general infective 
disease, wbich is cbaracterised anatomically by the occur- 
rence of numerous minute nodular lesions more or less 
generally disseminated in tbe various organs and tissues. 
The generally disseminated nodular lesiong, which are 
characteristic of the disease, appear to be inflammatory 
growths, resulting from the distribution of infective mate- 
rials (probably minute particles), by means of the blood- 
vessels or lympbatics from some primary inflammatory 
product. They are, therefore, the anatomical results of 
an infective inflammatory process, and they constitute 
^vhat have long been known as vmUary tuherdes^ 

General Pathology of Acute TuhercuJ^sis , — Our know- 
ledge of acute tuberculosis and of its anatomical result—^ 
tubercle, has until recently been involved in obscurity ; 
but at the present time — owing in great measure to 
scientific experimental research — ^it may be regarded as 
being much more complete. According to the older doc- 
trmes, which were based- upon the teaching of Laennec, 
JtubOTole^was looked upon ^ a specific non-infla&matop^ 
growth which originated spontaneously inb the ^ tissn# . 
Farther, this new growth w^ characterise by the regular 
succession of changes which it invariably underwent ; — 
it was first grey andtransluce^^then behame opoqu^, and 
ultimately caseous. Hence in its Earlier stages it was 
m its later as yellow tubercle. Caseou s 
m ^^y iofehosia was held tp be such a distin guish in^ ys^^ 
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liarity of the growth, that all caaeoiis masses were regarded 
as tiiTjercular, and ffi^ferm “tubercle” came to be applied 
indiscriminately to all pathological products which had 
undergone this form of degeneration, and which in their 
colour and consistence somewhat resembled soft elieesc. 
Caseation, however, as already stated, although most 
frequent in tuberculous and scrofulous lesions, is a 
common result of the retrograde metamorphosis of many 
growths which are destitute of or contain but few blood- 
vessels, and which consist of closely-crowded cellular 
elements. (See “ Caseation.”) For this much wider 
t extension of the pathological significance of caseous 
degeneration we are mainly indebted to Professor 
Virchow.* 


The infective nature of acute tuberculosis was first 
promulgated about twenty years ago by Buhl, who stated 
that in the majority of cases of this disease, indurated 
masses which had become caseous existed in some part of 
the body, and that to the absorption of substances from 


those infective centres the general development of the 
tubercle was owing. He further stated that in those cases 


in which the .tubercles were confined even to limited por- 


tions of a single organ, they were also secondary to 
caseous lesions. Buhl’s theory, therefore, implied that 
the origin of the infective substances was necessarily 
associated with caseous metamorphosis of the primary 
inflammatory induration. A modification of this view 
of the nature of the infecting lesion has since been ren- 
dered' necessary, both by the results of post-mortem 
observations, and also by those which have been obtained 
from the artificial production of tuberculosis in the lower 
^animals. ^ 


The experimental investigation of acute tuberculosis 
was commenced h[y Villemin in 1865, and subsequently 


* For further iufonrhation on the history of “ tubercle,” the reader 
Is referred to the commencement of the chapter on Bulmonaiy 
PbttdBis,** 

<j2 
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foljowed out by Burdon Sanderson, Wilson Fox, Cohn- 
bcim, Klebs, and others. The methods of investigation 
consisted either iii the inoculjition of various inflamma- 
tory products— for the most part products of chronic 
inllanjmations (caseous or not caseous), or in the produc- 
tion of a local inflammatory induration by the introduction 
of setons and of other foreign bodies beneath the skin. 
Of inflammatory products Dr. Sanderson found that none 
proved so active as that obtained from the indurated 
lymphatic glands of an animal already suffering from the 
disease. In both cases, after a certain lapse of time, dis- 
seminated inflammatory lesions were produced in various 
organs and tissues — lesions which presented- a ppecial; 
tendency to become caseous at their centres. It was also 
found that the distribution of these lesions varied accord- 
ing as the infective materials were introduced into the 
blood-vessels or lymphatics, clearly proving that , they 
resulted from the dissemination of infective substan&sby 
means of the blood and lymph streams. The results of 
these experiments therefore show, in the first place, that 
caseation of an inflammatory product is not necessary 
in order for it to constitute an infective focus; and, 
secondly, that the development of the general tuberculosis 
is not due to anything specific in the substances inocu- 
lated, hut that the products of various inflammatory pro- 
cesses (for the most part of inflammations of slight 
intensity), may constitute the infective agents. 

The lesions produced, however, in artificial tuberculosis 
difler somewhat from those met with in the natural 
disease as it occurs in man. They differ both in their 
anatomical distribution, and, to a less extent, in theijr 
pathological tendencies. The differences in^anatomicaF 
distribution are principally confined to the brain aud 
] lungs. The brain, which is so frequently affected in the 
natural disf3a8e in man, is rarely so in ai^ificial tnbercu- 
loCia, In the lungs, the first structural changes which 
^ take place in artificial tubercjolosis are stated by, br. 
Klein to' censist in the development of adenoid i^ssue 
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around the perivascular lymphatics, the implication, off 
the alveoli being only a secondary part of the process.* | 
In the natural disease in man, on the other hand, the # 
changes commence in the alveoli themselves. Eespecting ^ 
differences in their pathological tendencies — it to be 

remarked that caseation occurs much more extensively in 
the lesions artrfimny"’in3ucSr"tha^^^ In the 

former, also, diffused tracts of consolidation arc more 
frequently asso ciated "with the miliary lesions, and they 
may even constitute the predomihant structural changes. 
These differences, however, are probably to be regarded 
as resulting from differences in the intensity of the 
infective agent, and from peculiarities in the morbid 
tendencies of the tissues involved, and not as any 
evidence, of a want of analogy in the pathology of the 
two diseases. 

Passing on ‘to consider a cute tub grculosij as it is met 
with in man, it must in the first place be stated that it 
occurs 
anT 0 ] 

which have become cfiseou9 are, in the great majority of 
cases, to be found in some part of the body after death ; 
sometimes in the lungs, sometimes in the bronchial glands, 
sometimes in the glands of the mesentery, &c. Caseous 
metamorphosis, as was seen in the preceding chapter, is 
exceedingly common in scrofulous inflammation, owing 
to the marked cellular infiltration and consccpient ariinmia 


jmost freque n^^ly i n those^ who are scro ffUnus, 
le orTobre masses oF^nflaniinatory, induration 


which characterise the process ; and it ig tksae iwoducit,^ 
of serofulom inflammation which are the most commonl 
cause of amte tuberculosis. Much less frequently cases? 
of acute tuberculosis are met with, in which there exists 
some infiainmatory lesion which is not caseous, as a 
simple induration, an inflamed bone, or an ulcerated 
mucous membran*; whilst in exceedingly rare cases it is 


* “On the 'Lymphatic System of the Lungs,” by Dr. E. Eloiu. 
« Proceedings of the Royal Society,” No. 149, 1S74. 
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stated that no such products of a previous inflammatory 
process has boon discoverable. 

The results of post-mortem observations of the natural 
disease thus appear to justify the same conclusions 
respecting the nature of the infective substances as those 
derived from the experimental investigation of the disease 
in the lower animals, and in a man also it must therefore 
be regarded as in the highest degree probable that 
inflanijDiitory product may, under certain circumstances, 
give rise to a tuberculous process, and that although 
casi3ation of the product is most frequent, it is not essential 
in order for it to constitute an infective focus. Why 
such inflammatory products should in some cases be 
infective, whilst in others they remain inert, we are 
unable certainly to explain. In attempting to answer 
this question, it must bo remembered that^such products 
may accidentally become placed in direct communication 
with the vascular or lymphatic systems ; and also that 
infective substances are much more liable to produce 
results in some constitutions and in some conditions than 
in others. It is also possible that the infective properties 
of an inflammatory product may be determined by 
atmospheric influence, or by the presence of minute 
organisms. (See Septicaemia.”) 

W^iiilst acute tuberculosis is thus an infective disease, 
it is an infective disease of a special kind. * In the first 
place, the infective substances derived from the infective 
focus — which are probably minute particles — not only 
exercise their injurious influence over areas of ^tissue 
which are for the most part e,xceedingly small (hence 
the miliary character of the lesions), but the injury they 
inflict is qf comparatively sUght severity, Thg principal 
result of their dissemination is .consequ^ily to cause a 
textural change— a uow growth of tissue at the seat of the 
injury. (See Chronic Inflammations.”) 4n this respect 
this disease presents a marked contrast to one with Vhich 
it is closely allied — pyaamia, in which the severity of the 
injury ph)9.t(ced by the infective f articles is much Jfreater 
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and gives rise to the formation of abscesses. (See 
“Pyoomia.'*) In pyaemia the intensity of the dissemi- 
nated inflammatory processes is considerable, and tho\ 
course of the disease is usnally acute, whilst in acute ^ 
tuberculosis the inflammatory prgqessejs are much lessj 
severe, and the disease ^ tends to run a more clfronic \ 
com'se. 

Histologv op TuBRttCi.E. — The miliary lesions in acute 
tuberculosis, although presenting certain differences ac- 
cording to their age, and to the nature of the tissue in 
which they originate, are tolerably uniform in tlieir histo- 
logical characters. Their most marked feature is the 
prominent place which large multinucleated masses of? 
protoplasih — so-c^ed giant ceRs — occupies in their 
constitution. These large cells, which somewhat resemble 
the myeloid cells met with in sarcoi^toiis tumours, &c., 
were long ago alluded to by Virhhow, Wagner, and 
others, but it is only during recent years, mainly owing 
to the researches of Oscar Schiippel and Langhans, that 
they have come to occupy a prominent place in the 
histology of tubgrcle. 

The most characteristic features of these multinucleated 
cells arc their large size, the numFer’^ nuclei, and 

the {rrt^guIiSrty of their ouffine. Somie of the larger ones 
measure as ihuoG as in^ Th diameter. They possess 
no limiting membrane, but are simple masses of proto- 
plasm, containing nnnierons *^ound or roundly -oval 
nhcTei, each eholosihg a bright hucleolusi fliiTgs.'04i^ 65, 
ahet 66.) As many as for^ nuclei may pccasionally be 
counted in a singW cell. Some of them are much smaller, 
and contain only tKr^’ or four nuclei. Four or five, or 
eve n mQre,^of t hese multin uc leated masses* are 'sbmetim^ 
foT^qf iir a sm^O' ^ of these f 

large cdls possesej^ng branched processes, in connexion 
with which, ilbd O'^idently originating from them, are 
smaller protoplasmic masses, also nuclekited and branched. 
(See Fig£M 6^ The meshes between the branched ' 

^Us are> according to SfhUppel, filled with epithelialdike 
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elements. These elements I have failed to ohservo, and 
the meshes I have either found empty, or containing a 
few lymphoid cells. (Fig. ()6.) It would thus appear 
that the original protoplasmic mass gives origin to a net- 
Avork of hxrge branched hells. 

Fia. 66. 



Multimclcniiyl and branched Celbt from a firm Grey MUiart/ 
Tubercle of the Lung in a Cme of Acute Tiihervuloeis, Wi(io 
meslioH are seen in the. iunuediate vicinity of the cells on- 
closing a few lymi)lioid elements. The branched processes 
are directly continuous with the adenoid reticulum of tho 
tubercle, x 200, 

With regard to the histological elements from which 
the giant cells originate^^this varies. In the lung, 
Dr. Klein etetes^th^^ t^y.are deri ved from the alveolg ,r 
egithelium. They md,y also prol^blyongihateT f^^ the 
ceUs of connective ^d frotti^ the^ondoth^inm of 

the b lo od- vesy lgjtndTymphaH^^ Their formation takes! 
pScemtKer^ thiTfSBionL^lwo" or more cells, or by the[ 
excessive development of one cell. In the latter case, the! 
oeU increases in size amd its nuclei multiply, but here the 
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process of development ceases — there is no subsequent 
division of the cell. 

Associated with, and surrounding the giant cell and 
its branches, is a small -celled a^no.id-li]^ 

(Fig.^66.) This small-celled structure, which often con- 
tributes largely to the formation of the tubercle, some- 
what resembles that of an indurated lymphatic gland, 
which is commonly known as gdenoi^ tissue. A similar 
structure, as has been already stated, is also met with in 
chronic inflammations of the liver, lungs, and other organs. 
(See Chronic Inflammations.”) It consists, in the main, 
of lymphoid cells, which are either separated from one 
another by fine bands of homogeneous transparent-looking 
material, or by a more or less distinctly flbrilhited, and 
sometimes nucleated reticulum, within the meshes of 
which the cells arc grouped. (Fig. 67.) This reticulum 

Fig. G7. 


portion of « Grei/ MUinry Tubarcle, qffhe Luny. 

Showing th«i adt'iioid-like structure met with in 
largo portions of tbos© iiorluius. x 200. 

is sometimes dense and well marked, whilst in other cases 
it is much less prominent. In addition to the small 
lymphoid cells there are often seen some rather larger 
cells containing one, and in some cases, two nuclei, (See 
Scrofulous Inflammation,” Fig. 63.) 

An elementary tubercle thus consist® of^a giant-coil 
reticulum surrounded by, ' and in direct histological 
continuity with, a varying sized z|pn© of small-celled 
tissue. 'This is well shown in Jig. 66, (She also Fig. 70.) 
The larger tuberculous nodules consist of several of these 
giant-cell systems. (See Fig, 76.) ; 

41 tho^gh,the above characters of tubercle are to be ^ 
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observed in successful preparations and in certain stages 
of the tuberculous growth, many of them will often be 
found wanting. The njaclei and processes of the giant 
cells will not alwayj^bfcjie^li, and the cells often appear 
simply as yellowish,.^Qxn§what^anular masses in which 
neither nuclei nor processes are visible. In this imperfect 
state they are to be found in tuberculous nodules from 
all organs in which tubercle is met with. 

It remains to speak of the blood-vessels of tubercle. 
The vessels of the tissue in which the nodule originates 
gradually beconj.e,£yiterated in the process of its growth, 
ani!'th^cis.jm now XQssels, such as takes 

place in more highly developed inflammatoiy tissue. 
(See “ Tiiilainmation of Common Connective Tissue.”) 
The, tubercle is therefore, except in the earliest stages of 
its development, noii-yascnlar. (See *•' Scrofulous Inflam- 
mation.”) 

Although the structure which has been described is that 
most commonly met with, it must be borne in mind that 
all luheroulous lesions are not thus constituted. When 
treating of the changes in the several organs, it will be 
seen that the precise histological constitution of the no- 
dules varies somewhat, according to the characters of the 
tissue in which they originate. In the lung, for example, 
many of them consist largely of accumulations of 
epithelial gells within the pulmonary alveoli. 

Secondary Changes , — Tubercle invariably undergoes 
more or less retrograj^_metamoi^]^ although the 
extent of this varies cbnsidSraBly, atSln some, oases the . 
nodules ma y becom e devde^d^into 
strncEureT TKe occurrence of retrograSirmetamoriihosis .^ 
islhaihly owijg to the obliteration of J^^ blQod^yds^c lt* 
whioii accompanies the .^row?E“ of the lesions. The 
change commences ii;^t1i6 centre of the nodule, this being 
the part first de'ftloped, and consequently that which is 
the farthest removed from vascular supply.v The nodule 
.breaks down into a g yapnl^r ig^ty so that ‘ its 

ceatrai portions soon beeome opaque and. yellowish. 
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(Fig. 68.) In some cases the process of disintegration is 
rapid, whilst in others it is more gradual. It is usually 


Fig. 68. 



most marked in the larger 
and more diffused lesions, 
and hence it is these lesions 
which arc most commonly of 
a yellow colour and soft con- 
sistence (“yellow tubercle”). 
In other cases the retrogrjide 
change is less marked, the 
reticulum of the nodule 


One qf thti Gren XotUU&from jjecomes denger and more 
Lung in a cane of Acute j v o • 

^^tbercuhnitiy lehich is hecommg and although the im- 

ojMquc. and soft in. the centre, perfect ffbroid tissue usually 
(DiagramniAtic.) ultimately undergoes in its 


central parts, more or less fatty metamorphosis, the 


nodule may remain as a firm fibroid mass.* This occurs 


more especially in the snialLex..lesions. The extent and 
rapidity ('f the retrograde change depends, I believe, 
partly upon the intensity of the infective process, and 


partly upon constitutional conditions. The existence of 
scrofula favours retrograde changes in the tuberculous 
lesions as it does in all inflammatory products, and it 
is in those who are markedly scrofulous that tubercle 
undergoes the most rapid degeneration. (See “ Scro- 
fulous Inflainmation,”) These changes will also be' in- 
fluenced by the intensity of the infective process. The^ 
more intense the process, the greater is the tendency 
to the degeneration and softening of the nodules; the less 
intense and more chronic, the more liable are the miliary 
lesions to become fibroid. 


Local Tubeeculosis. — Before concluding ^.he considera- 
tion of the general pathology of tuberculosis, allusion must 
be made to those cases in which the ktb^culous processes 


* l>r. Elein states (loc. «7.) that the large nutltuiucleated oeUs 
uxidergn a fibroid transformatiou, and become converted into a 
dense Sottwork of fibrillar tissue^ Whicb tissue giadnally dies away 
aud becomes/!a&eous. 
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are confined to a single organ- This Hmited tuberculosis 
dilFers from the more general one only in the extent of 
the distribution of the infected materials. The miliary 
lesions originate from some retrograde inflammatory pro- 
duct situated usually in the same organ as that in Avljich 
they occur, and their limitation is probably owing to the 
infective substances being disseminated by the lymj;ihatics 
and serous canals and not by the blood-vessels. This 
will be again referred to in the chapter on “ Pulmonary 
Phthisis,” and also in the following description of the 
tuberculous process as it occurs in the several organs and 
tissues. 

Conclusions. — Having thus described the histological 
characters of tuberculous lesions, it remains to consider 
the relation which subsists between these lesions and the 
products of non-tuberculous inflammatians. The tuber- 
culous lesions being inflammatory growths — the result of 
the injurious influence of infective particles upon the 
small areas of tissue with which the/ come into contact- 
why do they differ from the tissue changes which 
accorppany ordinary chronic inflammation ? The answer 
to this question is at present far fT?)m satisfactory. 

It must be admitted that conditions 

influence, considerably the occurrence and character of 
tuberculosis. Tuberculous processes occur, for the most 
part, in the sctflfulous, and the products of some 
♦scrofulous inflammation are the most frequent infective 
agents. Constitutional conditions may probably thus so 
modify an inflammatory process as to give ta its products 
infective properties. It must, I think, also be regarded 
as probable that conditions of the constitution may 
influence the ^ffect pr<)dacad by the dissemination of the 
infective particles, and that these particles, whether 
derived from a cas|0U8 or non-caseous focus, may in 
certain eonditionfi of the constitution give rise to tuber- 
culous processes, whilst in others their dissemination is 
unattended by ohange. 

The hiat ologioal pecuIi aritieB of the tuberculous lesions 
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^appear also to depend mainly upon constitutional condi- 
tions. The influence of scTofula upon tlie histological 
changes which accompany inflammation has already been 
seen, and from the close histological relationship which 
subsists between the disseminated nodules met with in 
tuberculosis and the more diffused lesions produced by 
primary inflammation in scrofulous subjects, and also 
from the fact that it is in the scrofulons that tuberculosis 
most frequently occurs, we may, I think, assume that the 
characters of tuberculous lesions also are dependent upon 
a constitutional state. 

In both scrofulous inflammation and tuberculosis there 
is a tendency to the development of large cefl-forms and 
to the formation of a lowly organised and non-vascularised 
structure which soon undergoes retrograde changes. 
These character® of the inflammatory new growth appear 
to me to he probably due to the inflammatory process 
occurring in tissues of such low vitality that the cellular 
inflammatory products arc incapable of forming an 
organised vascular tissue, but merely undergo some 
increase in size and tljjsn tend to slowly degenerate. The 
protojjlasm grows, the nuclei multiply, but the higher 
manil'estation of vitality — the subsequent division of the 
protoplasmic mass — does not take place, and thus are 
produced the giant cells. 

TUUERCULOSIS OF THE PIA. WATEE. 

In the pia mater the tuberculous process is associated 
with inflammation of the meninges, constitating the con- 
dition known as tubercular rnsdVm^itie. This is almost 
invariably a part of a general tuberculosis. „ 

The process is almosi exclusively confined to the pia 
mater the base of the brain^ f0,nd thp tuberculous 
, nodules — which may easily escape observation — are seen 
in connexion with the small arteries in the Sylvian 
fissures, and deeply seated between the convolutions. A 
scattered granulations are, hmiyever, frequently visible 
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on tlie upper surface of llie hemispheres. The inflamma- 
tory growth originates in the perivascular lymphatic! 
sheaths which enclose the small arteries of the pia mater.j 
(Fig. 09.) The cells of the sheath multiply, and the pro- 

Fio. 69. • 



Miliary Tuh&rcle in the Pia Mater. The dotted line indicates 
the original size of the tubercular nodule. A. The lymphatic 
sheath. V. The blood-vessel. P. Proliferation of olemenis 
within the sheath, x 100, (Oornil and Banvior.) 

cess of proliferation commencing atj separate centres, 
numerous small grey nodules are produced around the 
vessel. These, which are distinctly visible to the naked 
eye, cause" an external bulging of the sheath, and a dimi- 
nution in the calibre, # even complete obliteration, of the 
enclosed ves|el. 

The localised obstrujsycms to the circulation which re- 
sult from the pressure the perivascular nodules cause 
^intense hypereeiSia of the eolh^eral vessels, and thus the 
pia mater at the base of the brain becomes exceedingly 
vascular, there being in some cases rupture of the vessels 
and extrayasation. This is followed by a more general 
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inflammatoiy process — a true basic meningitis. A transu- 
dation of the liquor sanguinis takes place from the 
hyperacmic and injured vessels, blood-corpuscles escape, 
and thus the meshes of the pia mater becopae infiltrated 
witjj a sero-fibrinous liquid, which in many parts has a 
puriform character. 

The changes in the pia mater at the base of the brain 
are attended by softening of the immediately subjacent 
cerebral substance, which becomes infiltrated with young 
cells. The lateral ventiiclca at the same time become 
distended with serosity (acute hydrocephiilus), so that the 
convolutions on the surface of the hemispheres are seen 
to bo much flattened. Tlie ependyma and choroid plexus 
also become exceedingly vascular, and^ the walls of the 
ventricles, together with the fornix a^d^soft CQmmissure, 
become much softened. All of are owing^ 

partly to an inflammatory procesi^^^cj partly to the me- 
chanical obstruction to the circulation caused by the 
tuberculous growth. In addition, the arachnoid membrane 
is dry and sticky. 

Tuberculous Masses ik the JpUiN.— In addition to the 
miliary lesions occurring in dnfi pia mater in tubercular 
meningitis, large tuberculous masses are occasionally met 
vrith in the brain unassooiated with a general tuberculous 
process. These masses, ^luch ytkry in size from a hazel 
nut to a hen’s egg, dccur in the cei*ebml sub- 

stance, especially si the bffiy of the btain. They are of 
a pale jfellow colour’ and. firm’ cpnsistence, and usually 
form quite round giobular tumours. Thek surface is often 
seen to be covered with minute grey nodules, which extend 
into the surrounding tissue ; and pj^ectioh, similar nodules 
are sonietimes visible, scattered^ tliro^h the substance of 
the tumour. In most cases dt. two' such masses 

are found, but occasionally they are n^ore numerous. They 
occur especially in childhood, and usua^y in children in 
whom there is a general tendency to caseation pf infiam- 
.matory products ("scrofulous" chil^^n)., When exa* 
j^fiCTOscopioally they,are.^ot«!itd ^ be, ma^ up iif 
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an adenoid structure and large, branched cells, such aa 
has been already described as so characteristic of tuber- 
culous lesions. This structure— which is best seen in the 
peripheral portions of the tumour — ^is often concentrically 
arranged around blood-yessels, and is found undergoing 
in different parts fibrous and caseous metamorphosis. 

Eespecting the nature of these masses and the way in 
which they originate, it iS difficult to speak with cer- 
tainty. Frdhi the fact that miliary nodules are so often to 
be seen on their surface and extending into the surround- 
ing tissue, it is supposed that they originate by the aggre- 
gation of such nodules —that the primary nodule con- 
stitutes an infective focus, and so causes a succession of 
growths in its immediate vicinity. This hypothesis is pro- 
bably correct. Occasionally the tuberculous mass causes 
a more general infection, and so gives rise to tubercular 
meningitis or to a general ^^uberculosis. 

TUBEKCULOSIS Of LYMPHATIC OLASDS. 
t 

In the lymphatic glands, tuberculous processes give 
rise, in the first place, to changes in the peripheral por- 

Fio. 70. 



The stage 

of Showily the giant cell, x 200. 

of inasmuch as it is with these that the 

ittfoctive JDB^terW conv^ed by the lymphatic" 
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vessels first come into contact. TLe active changes in the 
gland begin with the formation of a large mnltmncleated 
branched cell. (Fig. 70.) In the earlier stage of the pro- 
cess small grey nodiiles are visible scattered through the 
cortex. These gradually increase in size and become 
caseous. The gland then becomes enlarged, the distinc- 
tion between its medullary and cortical portions becomes 
lost, and it becomes changed' to a greyish homogeneous 
mass, in which are varying sized tracts of caseous ma- 
terial. The new growth very frequently undergoes a 
marked fibroid development, so that the caseous masses 
are surrounded by a dense fibroid structure. The caseous 
portions of the gland may subsequently soften, dry up, 
or calcify. 


TUBERCULOSIS OP MUCOUS MEMBRAKRS. 

In mucous membranes the development of tuberculous 
nodules is usually secondary to some primary inflamma* 
tory process which leads to ulceration of the membrane. 
The intestinal, the urino-genital, and the respiratory 
mucous membranes may all be the seats of a tuberculous 
growth. 

The Inicstme , — In the intestine the occurrence of true 
tuberculous processes appears to be almost invaluably 
preceded by primary inflammatory changes ia intes- 
tinid lymphatic structures. These changes '^ve their 
seat in the solitary and PeyeFs glands, and as in typhoid 
fever, it is especially these structures in the lower part 
of the small intestine and in the caecum which are 
affected. 

The first stage of the process consmts in an infiamma- 
I tory hy perpla sia of Peycr’s 

' patches^is EyperplasiA usu^l^ UiSects isolated fdHicles 
in the patchm' The solitary glands^ud certain follicles in 
the patches tnus become swollen, and ]^rojeot with undue 
prominence above the surface of the metabrane. ^Tlie 
newly formedr elements then ,nndergo retrogressive 
. changes— they soften, the degeneration in the patches 



TUBEKOULOSIS OF MUCOUS MEMBRANES. 243 


commencing at several separate centres, and often ex- 
tending until the whole patch becomes destroyed. As 
the result of these primary inflammatory changes an 
ulcerated surface is produced, t^e floor and edges of 
which are more or less thickened, owing to the extefision 
of the inflammatory infiltration into the submucous con- 
nective-tissue, This a simple ulcer, and its production, 
so far, is quite independent of a tuberculous process. 

What must be regarded as a tuberculous change occurs 
subsequently to the primary nlceration, and it consists in 
the development of small nodules -o£., new growth in the 
floor of the primary ulcer. I'he development of these 
nodules appears to take place principally around the 
bloodj^yessels,' and as these are arranged transversely 
around the intestine, the new growth proceeds in the 
same direction. These secondary nodules of new growth. 


Pio. 71. 



A Tubercular XTlcer qf the hvtcstim, (Diagrammatic.) 
a. Epithelial lining. 6. Submucous tissue, 
c. Muscular coat. d. Peritoneum. 

like tk#- primary inflammatory product, soften and be- 
come dweous, and thus the process of ulceration gradu- 
ally extends transversely until the whole circumference 
of the gut may be destroyed. The ulcer thus- produced 
presents a strong contrast to that of typ)^^. Its edges 
and base are thickened and indurate^ and the tuber*- 
culous nodules, tending to become caseous, are seen scat- 
tered itf its Joor, (Pig,.?I.) 

The tuberculhar rarely^ if 6vei:^;l^i^le. Owing to 
the thickening of ^ tissues at its pe rforat ion is 
quite an exc eiilional o ccurrenoe. In t^ process of its 
extension the ulceration is attended by some contraction 
: and narrowing of the gut. 
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TUBEHCULOSIS OP THE LUNGS. 

Tuberculous processes occur in the lungs as a part of 
a general tuberculosis, and also in many cases of pul- 
moi\giry phthisis. Tlfe nature of the resulting inflam- 
matory lesions is similar in both. It will be well, how- 
ever, in the present place, more particularly to describe 
these lesions as they occur in the general infective dis- 
ease. The more limited processes which take place in 
many cases of phthisis will be again referred to in a 
subsequent chapter devoted to the consideration of this 
affection. (See “ Pulmonary Phthisis.”) 

The pulmonary lesions met with in general tuberculosis 
. consist, for the most part, of disseminated Modular 
growths, which are univetsally known as miliary tuber- 
cles. Those growths are of two kinds — ^the r/rey and 
the yellow. The grey are semi-transparent nodules of a 
greyish-white colour, varying in size from a small pin’s 
head to a henjp-seed. They are somewhat spherical in 
shape, and usually possess a well-defined outline. Some- 
times they are firm, and almost cartilaginous in consis- 
tence; whilst in other oases they are much softer and 
almost gelatinous These softer forms, instead of being 
semi-transparent, are more opaque and white. The yellow 
are, for the most part, larger than the preceding, many of 
them much so, some being as large as a pea. They are 
also softer in consistence, less defined and regular in out- 
line, and they pass more insensibly into the surrounding 
tissue. Many^of them possess a greyish-white translu- 
, cent margin, which may be pretty firm in consistence, 
but never so hard as are many of the grey nodules, 
whilst their central portions are opaque, yellowish, or 
caseous. • 

Both the and the, yellow noddles are often found 
associated in same lung; in other*. cases the. grey 
nodules only are met with ; whilst, less frequently, nearly f 
all the growths are of the yellow variety. The condition 
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of the pTilraonary tissue which is situated between the 
nodules varies considerably. It may be perfectly normal, 
more or less congested and oedematous, or it may present 
varying sized tracts of greyish, granular, friable consoli-, 
dation. A perfectly normal condition of the intervefiing ' 
pulmonary tissue is found in many of those cases, in 
which all the growths are of the firm, grey variety ; but 
when there are numerous yellow or soft grey nodules, 
the lungs are nearly always more or less congested or 
consolidated. 

When these nodules are "examined microscopically they 
are seen to exhibit two different kinds of structure — viz., 
the adenoid structure with branched multinucleated cells, 
which has been already described as that which is the 
most characteristic of tuberculous lesions, and accumu- 
lations of epithelial cells within the pulmonary alveoli 
(catarrhal pneumonia). There is, however, this marked 
difference between the various kinds of nodules — that 
whereas the smaller firm grey ones are constituted 
almost entirely of. the first-named structure, the larger 
soft grey, and most of the yellow ones, consist largely of 
the iutra-alveolar accumulations. 

Firstly, with regard to the^aoft grey and yellow nodules. 
Most of these when examined with a low magnifying 
power present the appearance repre^nted in Fig. 72, the 
nodules evidently consisting largely of accumulations 
within the alveolar cavities. When more highly magni- 
fied their constitution becomes more apparent. It is 
then seen that the alveolar cavities are filled with epithe- 
lial elements and small cells resembling leucocytes, whilst 
the alveolar , walls are more, or less e:^nBively infiltrated 
and thickened ^th lymphoid cells. 73.) In many 
cases the central portions of the nodules will be seen to 
have undergone ei!lensive degenerative Changes, and to 
consist merely of a structureless granular debris, so that 
the accumulations within the alveoli and the cellular 
infiltration of the alveolar walls are only visible at thejiv 
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Fig. 72. 

-Wf. 



J amal/ si>/t Crfiy Tnberch from the Lung in a caaeof Arute 
Tuberculosis. The whole of the tubercle is shown in the 
dmw'in^, and it is obviously constituted largely of intra- 
alreohir products, x lUO, reduced to 


Fiq. 3. 



A portion of a small soft Grey Tubercle from the. Lung. This 
if from a case of acute tuberculosis, ijvobably in an earlier 
stage thau that from wlwch Fig. 72 was drawn. The figure 
Biio\\N oiie of the alvi^oli filled with epithelial elements and 
a few stnaU oolls, with some cellular infiltration of iha 
alvooloir .vail. X 200. 
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periphery. This is always the case in the distinctly 
yellow tubercles. (Fig. 74.) 











A portion of a Yellow Tubercle from the hung in n 
case of Acute Tnherculom. Showing the degoucration 
of tlie central portions of the nodule c, and thf3 collnlar 
thickening of tlie alveolar walls and accUmiilatiouH 
within the alveolar cavities at tho periphery p. x J 00. 

The histological characters of the firmer ^ey nodules 
differ somewhat from the preceding. In these the cellu- 
lar infiltration and thickening of the alveolar wall is 
much more marked, and many of the alveolar cavities 
are occupied by ^ant cells, these probably originating, as 
described by Dr. IQein, from the alveolar epithelium.* 


* These large multiuucleated cells aro stated by Dr. Klein 
(foe. cU.) to originate either by the fusion of the alveolar epithe- 
liuio, or by the excessive devefopment of one epithelial cell. Since 
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(Fig. 75.) In other cases, the alveolar structure has com- 
pletely disappeared, and the tubercle, when examined 
with a low magnifying power, appears as a little somewhat 
spheroidal mass, the cellular elements of which are seen 


Fig. 7.5. 



A portion of the more esctemnl part (f n Grey Tuherch 
frum the Lang in It case of Acute Tahervulosie, Showing 
tiu* oM<'iiflive infiltration and thickouiug of the alveolar 
walls, and the giant colls within the alveolar ca\itios. 

X 100. 

to be grouped around separate centres. (Fig. 76.) When 
more highly magnified these centres are seen to corre- 
spond with the large multinucleated branched cells already 
described, and the small-celled structure grouped around 
them, as is well shown in Fig. 66. This is a fully deve- 
loped tubercle of the lung. The smaU-celled structure at 
the peripheral portions of the nodules extends into and 
produces a thickening of the walls of the alveoli with 
which the nodule is incorporated, (Fig. 77.) In the tuber- 
cles thus constituted, extensive retrogressive changes 
rarely occur. Degeneration is slow and very incomplete, 
and the nodule often becomes imperfectly fibroid. 

Eespecting the cause of these differAiccs in the histolo- 


tbe publication of Dr, Klein’s staf^ement I have frequently observed 
those oelJto situated distinctly in the alveolar cavities, and I have 
Uttb: doubi they originate in the way be describes. 
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gical characters of the miliary lesions in the lungs—J^ 
believe them to depend upon differences in the age ol* the 
nodules, and in the intensity of the tuberculous process.* 


Fio. 76. 



A firvi Greff Tubercle, from the Lunff in a case qf Acute 
Tuhercttlosis. ^Showing the groupiDg of the elomuuta 
around sepamte centres, the nodule consisting of several 
giant-cell systems. ^ 33. 

If the intensity of the process be considerable, the nodules 
will consist in the main of accumulations of epitheliiini 
within the pulmonary alveoli, and the nodule will rapidly 
undergo disintegration. (See Fig. 74.) If the process be 
less intense, and the nodules attain a more advanced age, 
degeneration tvill be less rapid and tsomplete, the cellular in- 
filtration and thickening of the alveolar walla will be greater. 


• Intensity comprises two factors — severity of injury and sus- 
ceptibility of injured tissue. In scrofula, for example, the suscep- 
tibility of the tissue Is great^ and the intensity of tnbci'culous 
processes is often considerable. 
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and the epithelial elemcTits may form large mnltinucleatecl 
cells. (Sec Fig. 75.) Lastly, iu the least severe and most 
chronic processes, the development ot multinucleated 
elements and the formation of the network of branched 
celk reaches its maximum (see Figs. 66 and 76), degene- 

Fig. 77. 



mall portion of the moRt external, part of a firm Grey 
Tubi rck from the Lung in a aise of jlcufe TuberculoniA, 
Showing tlio iucorr^oration of the nodule with the alveolar 
walW*. X 2711, ^ 

ration takes place slowly in the central portions of the 
nodule, and there is often considerable fibroid induration 
of tlio new tissue. There is thus a close analogy between 
the tissue-changes resulting from tuberculosis of the lungs 
and those which result from other infiammatory processes. 
(See “ Chronic Inflammations/^) The degeneration of the 
lesions is mainly owing to the interference \vth their vas- 
cular supply, caused by the pressure exercised upon the 
blood-vessels by the intra-alveolar adbnmulations, and the 
obliteration of the vessels by the cellular infiltration of 
the alveolar walls. 
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PY.EMIA AND SEPTICJf^MIA. 

The di:-iea»cs known as Pyaimia and Septiciomia rcsnlt 
from the absorption and dissemination of certain infective 
substances, derived usually from the products of some 
acute inflammation. In these diseases, therefore, as in 
acute tuberculosis, we have a focus from ^ich the in- 
fective substances arc derived, the pjeneral dissemination 
of these substances, and the secondary processes to which 
tliey give rise. 

Pymmia and Septicaemia are very closely allied, and 
very frequently associated. They boUli owe their origin 
to the development and absorption of the same infective 
material, but the latter is a somewhat more simple pro- 
cess, and it will therefore be considered first. 

’ Septicemia. 

By Septiemmia is understood the effects which are 
produced by the presence of putrid matter in the cir- 
culating blood. 

When a person receives an external injury sufficient to 
cause an inflammatory process of considerable extent and 
intensity in the part injured, this process is usually foh 
lowed by a general disorder of the vital functions, the 
most prominent symptom of which is pyrexia. This 
pyrexial state, which^so commonly occurs after surgical 
operations and other extensive local injuries, is what is 
usually known as traumdtic or stcrgical fever. Respecting 
the cause of this fever — is mainly due to the absorption 
of some of the products of the local inflammatory process. 
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jin other words, it results from the dissemination of certain 
1 infective materials from a focus of acute inflammation. 
This being the case, whatever interferes with the removal 
of the inflammatory products from an injured part, and 
thTis favours their absorption, tends to induce or to in- 
tensify this febrile state. This is exemplified by the well- 
known effects which are produced by pent-up pus, which 
effects subside after its evacuation. 

Closely allied to this traumatic or surgical fever is the 
condition known as septirceinia. Here, also, there is an 
absorption of certain infective substances from some local 
lesioii, but the general disturbance of the vital functions 
to which they give rise is much more considerable. 
Septicaunia appears therefore to differ from simple trau- 
luatit; fever mainly in this — ^that in it the infective pro- 
cess is one of much greater intensity. No sharp line of 
demarcation, however, can be drawn between the two. 

The clinical phenomena of septiciumia, as observed in 
man, are characterised not only by pyrexia, but also by 
vomiting, diarrhcriti, muscular enfeeblement, affecting 
particularly the heart and respiratory muscles, and ulti- 
mately a condition of collapse which tends to terminate 
in death. After death the blood is found to be darker 
and less firmly coagulated than usual. Extreme cou- 
gestious and ccchymoses are met with in internal organs, 
especially in the heart, lunge, and gaatro-intestinal 
mucous membrane. The spleen, liver, and other viscera 
are enlarged, friable, and abnormally vascular ; and little 
patches of lymph are seen on the pleura and pericardium. 
Metastatic abscesses and all other secondary inflammatory 
lesions are completely absent. Such pure uncomplicated 
cases of septiemmia are, however, compaiaatively infre- 
quent, the septicasmia being usually associated with the 
development of secondary suppuraftve inflammations — a 
pymniia. A simple sopticosmia is perhaps most common 
in the puerperal state (Puerperal Septiceemia). 

In studying the pathology of septiccemia we must con- 
sidfsr—l. The nature of the infective material— the sep- 
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ticgemic poison, and the conditions tinder which it is 
produced; 2. The circumstances which influence its” 
absorption and dissemination ; and o. The changes which 
it produces in the circulating blood. Onr knowledge on 
all these questions has been derived mainly from the (Ex- 
perimental investigation of. infective processes induced 
in the lower animals ; and qmongst those who have 
contributed most largely to this knowledge during the 
past few years are Professors Billroth, Bergman n, and 
in our own country, Dr. Burdon Sanderson.* 

1. The Sept'W Toison, — Firstly, with regard to the 
infective material, and the circumstances under which it 
is j)voduccd. In the natural disease this material origi- 
nates in connexion with some local inflammation, or 
much less frequently with some wound in which no in- 
flammation is present — as the uterus after delivery, 
is in the albuminous liquids of . such local lesions that 
the septic poison is produced, its production e^ppears 
to]be invariably associated w^^^ tl^p imftid decomposition 
of the liqiud. In the (iisease artificirJly induced in the 
lower animals the poison is introduced from without, and 
consists of some putrid liquid, such as a putrid infusion 
of muscle. 

It is well known that the putrid decomposition of 


Fig. 78. 



Fectid Pm. from m Empymma, Showing common 
active biicteiia ar^ngst the pus-corpuecles. x 6UU. 


* “Lectures ou the 'Infective I'roccsses of Disease,” by Dr. 
Burdon Sanderson, delivered at the CJniversity of London. — lirit. 
JUedf. Joum, Dec. 1877 and Jan. 1878. 
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albuminous liquids is always associated with the presence 
“in them of bacteria, or their germs. (Fig. 78.) In a series 
of experiments made in the Inboratovy of the Brown 
Institution in J(S7‘4 with the object of determining the 
Tiyture of the septic poison, Dr, Sanderson found that 
these, or similar organisms, abounded in all liquids which 
wore capable, w'hcn intro4uced into the circulation of an 
animal, of producing septicaemia ;* and from the results 
of these and other more recent experiments, Dr, San- 
derson cOTielud(3S that the agency of bacteria is essential 
for ihe lirodncHou 0 / the septic poison. 

But although the production of the poison appears to 
be invariably associated with the presence of bacteria, it 
is something quite distinct from the process of simple 
putrefactive decomposition. That this is so has been 
jiroved by Bergmauii, who has shown that the poison can 
he produced by the action of bacteria on non-albnminous 
liipiids ; and also that if bacteria be grown in such non- 
albumiiioua liquids, the first crop, which are rod-shaped, 
active organisms (bacteria proper) are inert ; but as the 
j>roccss of cultivation proceeds, spheroidal and less active 
organisms are produced (micrococci), and the liquid"' 
becomes intensely virulent. From these facts Dr. Ban- 
d(3rsoii infers that the poison is not a product of the 
septic disintegration of protein substances, but something 
much more intimately associated with the existence and 
growth c>f the organisms themselves. 

production of the poison being thus dependent 
upon the agency of bacteria, the question arises whether 
its effects are due to the direct .action of the organisms 
themselves. In answer to this question, the results of 
Dr. Andor's experiments appear to be conclusive. This 
observer has shown that the complete destruction of the 
organisms in a liquid which has be^n proved to be septic 
in no way impairs the virulence of its a^tioD.f 

* “Ti*aiis. Path. Soc. Loud.," vol. xxiii. 1872. 

t Andor’s, “Giftigo Wirkuiig vou durcU Bakterien betrilbto 
NahrflQ.sdigkcit,’' — Ueutscfie Zdisohryt fur Qhirurgit^ vol. vii. 
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From these investigations we must therefore conclucle 
that the septic poison is a product of the growth of 
bacteria; but, says Dr. Sanderson, bacterin are incajxihlo 
of produciufj the poison in the healthy orfianism. The 
condition which appears to bo necessary for the develop- 
ment of the poison, is some abnormal state of the living 
tissues, such as is produced by injury. It is in the pro- 
ducts of such injured tissues that the development of 
the bacteria and the production of the poison can take 
place, and it is consequently in some inflammatory lesion 
tjiat septic processes most frequently originate. 

Inasmuch as the agency of bacteria is essential for 
the production of the septic poison, it will be readily 
understood why, in the majority of cases, sopticyemia 
originates frdrn lesions which are in direct communication 
with the external air, and also why the development of 
septic processes is favoured by the crowding together of 
persons with open wounds ; for, as pointed out by Mr. 
Savory, the decomposition of an aninial fluid is hastened 
by the introduction into it of any other animal matter 
which is also undergoing active putrefactive change.* 

‘J. The ahsorptiou of the Poison . — Having discussed tho 
nature of the poison, and the circumstances under which 
it originates, it remains to consider how it becomes 
absorbed and is disseminated. Putrid liquids in contact 
with injured tissues — liquids capable of producing the 
most intense septic processes if artificially inoculated — 
do not alvvays become absorbed. The causes which in 
some cases favour their absorption, and in others prevent 
it, must bo looked for, according to Mr. Savory {he, nit), 
in the condition of the tissues with which they are in 
contact. A fresh wound is a very readily absorbing 
surface, but Billroth and others have shown, expe- 
rimentally, that hiealthy granulations offer a decided 
obstacle to th<y absorption of fluids from their surface. 

• ** Discussion on Pycemia at Clinical Society,” Mr. Savory 

Tt'ana. Clin. 8oc, LomL, vol. vii. p. Ixxvi. 
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When, however, the granulations become partially de- 
stroyed, or are in an unhealthy condition, fluids readily 
permeate them. It must, then, he considered as excced- 
ingly probable that the absorption of the poison is in- 
tiniately connected with some abnormal condition, due to 
injury or disease, of the tissnes with which it is in contact. 
The poison, when absorbed, is disseminated by means, .of 
the veins and lymphatics. 

3. Chantjis 'produced hy the poison in the Slood.-^ 
Eespccting the clianges produced by tlie septic poison in 
the circulating blood, and in the organism generallyrr- 
the results of tlie experimental production of septiemmia 
show that these are in direct proportion to the quantity 
of the i)oison that is introduced. The poison does not 
' multiply in the body ; and in this respdet, therefore, 
as will be seen presently, simple septicaemia appears to 
'.differ from the closely allied pyaemia. 

The only other fact of importance in connexion ^dth 
this ))art of the subject relates to the marked tendency to 
congestive hypermmia and blood -stasis which charac- 
terises both the natural and the artificially induced 
disease. The investigations of Professor A. Schmidt and 
Dr. KtUiler appear to prove that these circulatory phe- 
nomena are due to the destructive action of the poison 
on the white blood-corpuscles. Professor A. Schmidt has 
shown that the phenomenon of blood-coagulation is due 
to the white cells of the blood, that these cells contain a 
ferment, and that upon the destruction of some of them, 
and the consequent liberation of the ferment, the process 
of coagulation depends. From the experiments of Dr, 
Kohler* it would appear that in septicsemiii there is ja 
destruction of the white hlood-corpusdes, ^nd that to 
this destruction, and the consequent tendency to coagu- 
lation, the congestive phenomena which characterise the 


• “IJeber Tbrombose und Trnnsfusion, Eiter iind septischo 
Infftction nnd dcren nezichiuig zum Fibriaferment,” by Dr, Amiin 
K<)hler* Dorpttt, 1877. 
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disease arc owing. The other phenomena of septicromia* 
t— the fever and collapse, however, are not thus accounted 
|“or. These may possibly be due to the actioA^ of the 
poison on the nerve-centres. , ^ 

I • Pyaemia. 

Pymraia, as already stated, is the result of the develop- 
iment and absorption of the same poison as tha.t which 
^ives rise to scpticasmia. The two conditions arc thus 
,|cloHcly allied, and they are very often associated. The 
tYormcr, however, is much the more frequent. 

Pyaemia diifers from septiemmia in this revSpect — that 
in it the absorption and dissemination of the infective 
poison gives rise not only to an alteration in the blood 
and a general disturbance of the vital functions, but also 
to the production of secondary foci of inllammatiou — 
the so-called metastatic ahseesses. It is the production 
of these abscesses, and of other more diffused inllamma- 
tory lesions which is the distinctive character of pymm^. 
It is thus probable that pyaomia is invariably associated 
with more or less septicaemia, and it may be regarded as 
a septiemmia in which there are metastatic suppurative 
iullammations. 

Pyasmia being thus the result of the absorption of the 
same septic poison as that which gives rise to septicaemia, 
all that has been said respecting the origin and nature of 
this poison, and the circumstances which inUuence its 
ibsorption and dissemination from the focus of iufec- 
bion, applies equally to both diseases. What remains for 
consideration are the differences in the effects which are 
produced. It will be well, in the first place, however, to 
leseribe briefly»the pyaamic lesions. 

Tlie lesions which are the most characteristic of pyasmia 
ire the so-callec^ me&static abscesses. These present 
jertain peculiarities. In their earlier stages they usually 
ionsist of somewhat reddish, friable, grauular-looking 
nasses of consolidation, which are surrounded by a thin 
,one of red hyperasmic tissue. These masses are frequently 
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Vredge- shaped, the apex of the cone being towards the 
centre of the organ. They vary considerably in size, some 
not being larger than a small pea, whilst others exceed 
the size of a chestnut. The consolidated mass soon 
assiinics the characters of an abscess. Its more central 
portions become softened and purulent, and ultimately it 
tends to become converted into a collection of pus and 
broken-down tissue, this being still surrounded by a thin 
red zone of induration. These metastatic abscesses are 
met with most frequently in the lungs ; but they also 
occur in the liver, spleen, kidneys, and in other internal 
organs. They are more commonly found near the surface 
than in tlie more internal portions of the organ, often 
being situated immc<liately beneath the fibrous capsule. 

Ill addition to these abscesses, more diSbised intiamma- 
tory lesions are met with in pvmmia. These consist chiefly 
of suppurative arthritis, and of inflammations of the sub- 
cutaneous cellular tissue and serous membranes, espe- 
cially of the plourm and pericardium. 

With Tj^gard to the pathology of these metastatic 
absc(}sses, and other secondary inflammations — they are, 
for the most part, of emhoUc origin, the emboli originat- 
iiig in the thrombi which form at the seat of the primary 
lesion. 'ITic circumstances under which thrombi formed 
in the vessels of a part become softened or brokeh-up, 
so as t(j furnisli embolic plugs, and the way in which 
those plugs may set up acute inflammatory processes 
at the seat of their arrest, will he fully described in 
th4i chapters on “Thrombosis” and “Embolism.”* It 
will bo sufficient in the present place to state that in the 
course of a pyannic process the coagula which form in the 
vessels at the seat of the pymmic inflami»ations become 
infected with the pysemic poison, and if they soften or 
become broken-up so as to funiisft cmj^olic plugs, these 
plugs cause secondary suppurative processes in the parts 


♦ TIk' will well to read the chapters on “Throm- 

boais'* and ‘'Lmbolibzii” as a sequel to the present chapter. 
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in which they become arrested ; and it is to the dissemi- 
nation of tlieae infective emboli that the formation of 
the majority of the metastatic abscesses in pyocinia is 
owing. 

The ]>rominoiit part which is played by thrombosis hud 
embolism in the pathology of^ these infective processes 
probably accounts for the fact, that these processes are, 
in the majority of cases, associated with the development 
of metastatic abscess and other secondary inflammations — 
in other words, that pyasmia is so much more common 
than pure septicaemia. I^he blood-vessels of the primary 
lesion which servos as the starting-point of the infective 
process — usually a local inflammation — can rarely be free 
from coagula, and ln3ace not only is the absorption of the 
poison often delayed (or even prevented), but when it 
does take place, it is usually associated with the dissemi- 
nation of solid substances derived from the coagula them- 
selves (emboli). 

I'he occurrence of thrombosis and embolism also appears 
to influence the intensity of the infective proccsscjs. In 
simple scptioiemia it has been seen that the ^mnges j)ro- 
duced are in direct proportion to the quantity of the 
poison which is absorbed from the primary lesion, lii 
pyasmia, however, Dr, Sanderson says, the poison pro- 
bably wwZ/ZpZm'/r In attempting to 

explain this, the experiments on the cultivatibn of the 
septic poison are of much value. These experiments jirove 
not only that the poison can be produced by cultivation, 
but also that in an artificially produced septic li«|uid the 
virulence of the liquid increases with the development of 
the bacteria. A similar cultivation of the poison probably 
occurs in pyemic processes. The original x)oison ptro- 
duced at the piimary lesion increases in the secondary 
and tertiary foci of ifttiammation, and not only increases, 
but perhaps becomes more virulent. 
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SYPHILIS. 

The lesion g occurring in the course of constitutional 
syphilis are for the most part inflammatory in their 
nature, ])ut in their seat, distribution, and histological 
characters, many of them present certain peculiarities 
which make them quite characteristic of this disease. 
The primary syphilitic lesion (usually the indurated 
cluinero), the secondary lymi>hatic gland enlargement, 
and the subsc(iuent series of changes in the skin, mucous 
membranes, and later — ^in the nervous system, bones, and 
internal organs, are all of them the results of chronic 
irrocchses, tiled to inflammation, induced by the syphi- 
litic poison. 

'Pile lesions, however, which must be regarded as 
especially cliaraci eristic of syphilis, are of three kinds — 
certain libroid induration^, a form,, of growth_wycli.is 
known aft a fj.nnma or syphilitic tumour, and^Ojestain 
changes in the arU*ries. Those forms of lesion arc very 
frequently associated, and in many cases it is diflicult to 
draw any line of ^demarcation between them. 

“ 1. Fibroid Gha7i get'. --Fibroid indurations are often 
assneiatod with the gummata, and many fibroid lesions 
are simply the remains of what were previously gummy 
tumours. 

I'ibroid changes also occur vei^ frequently in the 
course of syphilis quite independentlf- of gummata. 
These changes consist in the development of a fibroid 
tissue precisely similar, to that met with as the result of 
ordinary chronic inflammation. (See “Inflammation of 
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Common Connective Tissue.”) The new tissue, whioli 
originates around the blood-vessels, and in tlic earlier 
stages of its growth is more or less richly cellular, pre^- 
duces a fibroid thickening of the affected area. Those fibroid 
thickenings are characterised by their localisation anti by 
the irregularity in their distriBution. They occupy, for | 
the most part, hmall areas, and the surromidiiuj fitifiuen , 
are unaffected. It is these peculiarities in their distribu- ’ 
tion and localisation, and not their histological cha- 
racters, which render them so characteristic of syphilis. 

Thes^tibrQidxhanges are.p^^ with in various situa- 
tions — in the periosteum, in the sheaths of nerve-trnuks, 
in the capsules and interstitial tissuft^pf organs, and in 
muscle. When occurring in fhe capsules of organs they 
present very characteristic appearances. In the liver and 
spleen, where they are the most frequent, they give rise I 
to an irregularly distributed thickening and ])nckering i 
of the capsule, which is exceedingly typical of advanced i 
syphilis. The thickened portions are usually connected 
with dense fibroid septa which pass into the interior of 
the organ; and there are frequently alsJ nunuu’ous 
strong peritoneal adhesions. The gummy masses, about 
to be described, are very often to be found in the midst 
of the fibroid growth. 

2. Giimmata. — These are perhaps more characteristic 
of syphilis than the fibroid lesions, wSth which, as already 
stated, they arc frequently associated. The giimmata, as- 
usually met with, moderately firm yellowish-white 
nodules, .haying often, on section, som^hat the appear- 
ance of a horse-chestnut. They vary in size from* a 
hemp-seed to a walnut* and are surrounded by a zone of 
translucent^fibrous-looking tissue, which sometimes has 
the appearance of a capsule, and which is so intimately 
associated with tlj& surrounding structures that the 
enucleation o^ the mass is impossible. In the earlier) 
stages of their development, when they less commonly ; 
come under observation, they a|e much softer in con sis- j 
tence, more vascular, and of a reddish* white colour;' 
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\vliilat in tlieir moat advanced stages, owing to extensive 
retrogressive changes, they may be distinctly caseous. 

When the gummata- arc examined microscopically they 
ai*o found to consist in tke main of atrophied, degene- 
rated,, and broken-down cell-products, imbedded in. an in- 
completely fibrillatcd tissue. There are, however, some 
inarlvod structural differences between the central and ex- 
ternal portions of the growth- The central portions are 

composed almost ,ej\t.ircly. of 
closely packed granular, de- 
bris, fat granules, and cho- 
lestrin, amongst which may 
bo an exceedingly scanty 
fibrillatcd tissue, (hhg. 79, a,) 
Surrounding this and di- 
rectly continuous with it is 
a fibro-nuclcated structure; 
■whilst the peripheral por- 
tion of the growth is a richly 
ccdlular and vascular tissue. 
(Fig. 79, 6, and Fig. 80.) This 
peripheral cellular tissue, 
which is in direct histological 
continuity with the sur- 
rounding structures, con- 
sisl^jof small colls, many of 
which resemhlc white blood-corpuscles, whilst others are 
larger and nucleated like the cells of granulatiouitissue. 
These cells' arc s©||arated by a scanty, homogeneous, inter- 
cellular material and nnmeroits new blood-vessels. 

The three zones above described, which are to be dis- 
tinguished more or less clearly in most the fully 
develni>ed gummy nodules, correspond with three diffe- 
rent stag#‘s in their growth. The most^ external zone, 
consisting of the vascular granulation -tissue, repre- 
sents the early stage of devolopment, and by the 
contiTiuous formation of^this tissue the growth may con- 
tinuously increase. The intermediate ’ more fibrous zone 


Fm. 70. 



(iHmrnu Growth from Liv<>r. a. 
rofili.'i] jiorlioii.s of p:n»wt]i, coii- 
si.shri'r of niuiiul.ir ddl*ns. h, Vo,- 
ri[)hi‘i!il giiiinjlutioii tispiio. r. A 
blo(.nl X 100, (Oox'nil 
aud llauvier.) ^ 
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represents the second stage in the process — the deve- 
lopment of the granulation-tissue into a more or less 

Fio. 80. 



The Peripheral Port ‘am of a Gummy Grovjth w the 
Kiitueip Shovviiig tlio bindJl^celled {^riiriulatiou growth 
iii the intertubular tissue, x 200. 

completely fibrillated structure. Tlie characters of this 
iibTillat(.*d tissue vary in different growths. In some the 
fibrillation is very distinct ; in others, the tissue is dense 

Fia. 81. 



Prom a Gummy Growth in the Kidney. Showing 
tho voticuJakll struoturo occasioiially met with iji 
the iiittrmcdia^e zone of these formations, x 200. 

and cicatricial in character; whilst less frequently, it 
consists of a reticulated structure within the nieshes of 
which are grouped round small cells. (Fig.» 81.) Tho 
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central zone, consiH^ng of the amorphous granular ma- 
terial, represents the oldest portion of the growth — that 
which lias undergone retrogressive changes. The blood- 
vessels, which only exist in the zone of proliferation, 
appear to become obliterated in the process of develop- 
ment, and this accounts for the rapid degeneration of the 
central portions of the growth. It is probable that this 
obliteration of the blood-vessels may be due to the 
changes in the arteries about to be described. When the 
tumour is lfirg<‘, it may sometimes be seen to be made np 
of several distinct smaller growths, each presenting at 
its circuinfcTonco the more perfect cells, whilst its central 
parts arc granular and amorphous. 

It would Ihns a 2 )pcarthat the first stage in the process 
of formation of these gummy growths consists in the i)ro- 
ductiou of a highly organised and vascular granulaiion- 
tisHuc. This new tissue, aiihongh it may develop into an 
iucompleloly fil)villated structure, soon undergoes de- 
generation. Tlie degenerated elements become closely 
2)ackcd in th' centre of the growth, whilst proliferation 
and incomplele tibrilhi,tion continue at the circumference. 
The central iiortious of the growth occasionally become 
calcified, })ut more commonly they gradually become 
absorbed, and a mere p'lckered fibrous cicatrix may thus 
ultimately occupy the seat of the original tumour. This 
is one of the ways in which the fibroid lesions originate. 

The gurnrnata are the new formations most characte- 
ristic of syjohilis. They are met with in the skin and 
subcutaneous cellular tissue, in the submucous tissue, in 
muscle, fascia), bone, and in the connective tissue of 
organs — especially of the liver, brain, testicle, and kidney. 
They also occur, but much less frequently, in the lungs ; 
as do also simple localised fibroid indurations. When 
situated iTi the submucous tissue, tbc^mucous membrane 
usually becomes destroyed, and a deep ulccR- forms. This 
is seen in the pharynx, soft palate, tongue, larynx, and in 
other i^arts. These true gummy ulcerations must be 
distinguished from the superficial ulcerations resulting 
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from inflammatory processes in the lymphatic structures, 
which also occur in syphilis. 

3. Ohaiifjfis hi Artarit's , — Certain changes in the rw- 
hral aHeries have been ro(j^ntly described by Heubner as 
characteristic of syphilis. These changes have been 
brought prominently before English pathologists ))y 
Drs. Greenfield, Barlow, and others and the investiga- 
tions of the first-named of these observers would tend to 

Fio. 82. 

A 


Syphilitic Disease of Cerebral Arteries, 

A. Segment of mifldlo corebml anory, tmn averse soclion— 

j, thickened inner coat; e, endotbdiuin ; /,'meud>rriua 
feuestrata; wt, muBcukr coat; a, adventitia, x 200, 
reduefd 

B. Small artery of Pia Mater, transverse section. Showing 

thickened inne/coat, diminished Inmen of veswd, and 
considorJiibJe infiltration of adventitia. 'J'he cavity of 
the vess6)l is occupied by a clot (? thrombus), x 100, 
reduced 




• “Trans. Path. Soc. Lond,,” vol. xxviii,— r/set-mi Si/philis. 
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render it probable that similar changes occur in the 
arteries in other situations. 

In the cerebral arteries the changes produce opacity 
and marked thickening of tb^ vessel, with considerable 
diThinution in its calibre. It is this diminution of the 
lumen of the vessel which is especially characteristic. 

Wlicn transverse sections of the vessels are examined 
microscopically, the principal change is seen to be situated 
in the iuuar coat. It is well shown in the accompanying 
drawings made from specimens kindly lent to mo by Dr. 
Harlow. (Fig. 8‘2.) This coat is considerably thickened 
by a cellular growth. The gi-owth, which is limited 
internally by the endothelium of the vessel (Fig. 82a. e), 
and externally by the membrana fenestrata (Fig. 82a./), 
closely resembles ordinary granulation-tissue, consisting 
of numerous small round and spindle-shaped cells. This 
tissue a]Dpcars gradually to undergo partial development 
into an imperfectly fibrillated structure. 

In adcliiinn to this change in the intima, the outer coat 
is abnormally vascular and infiltrated with small cells 
(Fig. 82a. a)j and this cellular infiltration usually also 
invades the muscular layer (Fig. 82a. m). 

The re.sult of those changes in the inner coat is to 
diminish very considerably the lumen of the vessel (Fig. 
82 jj.) ; and the consequent interference with the circula- 
tion frequently' leads to coagulation of the blood (throm- 
bosis) and cerebral softening. 

Dr. Greenfield’s observations, as already stated, tend to 
show that similar arterial changes occur in other parts', 
and that they account for the degeneration of syphilitic 
gummata. 

SynilLlTIC DISEASE OF THE LIVFSi. 

The liver is one of the most freqAnt seats of syphilitic- 
lesions. The most common change is the development of 
fibroid and gummy growths in the substance of the organ. 
These growth.s are strictly localised, the surrounding liver- 
tissue being healthy. The growths — which are usually 
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connected with fibroid thickenings of the capsule — . 
sometimes consist simply of a dense fibroid structure. 
More commonly, however, gummy masses are found im- 
bedded in the fibroid growth. In the former case it is 
possible that the gummy mass may have become absorbAl, 
leaving merely its fibroid cicjitrix. 

The development of these growths produces very 
marked alterations in the form of the liver. Scar-like 
depressions are seen on its surface, and the organ is 
irregularly, and -often very deeply puckered. 

A more general fibroid change, not associated witli the 
formation of gummy masses, is occasionally met with in 
the liver in inherited syphilis. I’his (diange closely 
resembles ordinary cirrhosis, although the intercellular 
network of the liver is usually more extensively involved. 

Lastly, it must be mentioned that the liver in syjihilia 
is frequently amyloid. 


It is unnecessary to describe particularly syphilitic. 
losioTis ill other organs, as they all present tho same 
general characters — viz. strictly localised fibroid, or 
fibroid and gummy growths. 



CHAPTER XXX. 

INFLAMMATION OP NON- VASCULAR TISSUES. 


INFLAMMATION OK CAllTILAGE. 

The phenomena of acute inflammation in cartilage, 
althoiigli rornparativcly rare in man, have been studied by 
the artiticial pro*! action of inflammation in the articular 
cartilages of the lower animals. They consist in changes 
iu the cartilage itself, and in .the vessels of the adjacent 
synovial ruf'mbrane and bone, from which the cartilage 
receives its nutritive supply. Eespecting the vascular 
changes, those are such as have been already described as 
characteristic of inflammation. 

The changes which take place in the cartilage itself 
have been believed to be accompanied by activity of the 
cartilage-cells, by their proliferation, and the production 
of new olenieuts. Such changes are represented in 
E^ig. 83. T’he results of recent investigations, however, 
tend to show that the cells of the cartilage really remain 
inactive in the process of inflammation, and that all the 
young elemeuiia are emigrants from the vessels. 

AVhether the cells of the cartilage take any active part 
in process or not, their capsules beggene destroyed, 
the intorcellular substance soffeiis and breaks down, and 
numerous small cells take the place' of t^e origin al t issue. 
(Fig. 83, e.) As the process proceeds the new cells and 
) gjanular debris escape from the surface of the "cartilage, 

, which thus becomes irregular, presenting numerous 
elevations and depressions : this is acute ulceration of 
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oartilago. Whilst these changes are taking place in the, 
cartilage itself, numerous new blood-vessels are formed 
from those in the adjacent bone or synovial membrane ; 


Fig. 83. 



Sf^cfioti of Inflamed Cartilage, a>, Q'bo nomial cartilapre- 
collb. h. Tho same eularj^ed. d. Multiplication of cells 
within their capsules, e. Great inci’«‘ase in the nninbcr (*f 
II >ouiig cells, and destruction of tho iutorcellular sub- 
staiuJo. X 250. (Coruil and Ituuvier.) 

the little loops of new vessels dipping into the softened 
cartilage. This procesKS of softening and ulceration may 
■go on until the cartilage is completely destroyed, or it 
may become arrested. In the latter case the young cells 
form a granulation -tissue, thi.s tissue fibrillates, and the. 
lost cartilage thus becoines replaced by a fibroid structure.’ 

When the inllainmation is less severe and runs a more 
chronic course, the cellular infiltration is less abundant, 
and tlio intercellular substance is less destroyed. The 
newly formed cells are more highly organised, and whilst 
many of them undergo retrogressive changes, others form 
a tibrillated tissue. Irregular cavities may thus he pro- 
duced ill, the midst of a fibrillated cajtilage. 

Erosion of Gar tilage.-r’AlhiBion must be made here to a 
morbid condition of cartilage which is exceedingly common 
in people past middle life. It consists in the occurrence 
nx.)on the surfSce of the articular cartilages of small, 
yeUowish, flocculent spots, which gradually increase in 
size, and ultimately break, dovrn and become destroji^'d, 
leaving a superficial erosion. Tho change occurs most 
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^frequently in the cartilages of the patella and of the knee- 
joint, and in other situations in whicdi the cartilages are 
especially subjected to pressure. 

When the diseased portions are examined microscopi- 
cally, the most marked alteration is seen to consist in a 
fibrillation of the intercellular •substance of the cartilage. 
Some of the cartilage-cells are also increased in size and 
show signs of proliferation ; whilst others are in various 
stages of fatty metamorpliosis. The change appears to 
result from long-continued irritation due to pressure, and it 
may he regarded as an irritative process, in which, owing 
to the natural poverty of the vascular supply, retro- 
gressive changes occupy a very proinirient place. 

rXFUAMMATION OF THE COKNEA. 

The proC/Css of inflammation as it occurs in the cornea 
has chielly studied in the frog. After injury of the 
frog’s cornea, the earliest changes observed consist in 
the conjuiicLival epithelium becoming visible, and in the 
app(;iiraucc amongst the epithelial colls of a few leuco- 
cytes, which have probably escaped from the hypcrcemic 
vessels of the conjunctiva. The cornea cells and their 
prolongations then Ucome visible (they are invisible in 
the healthy cornea, which appears perfectly structure- 
less), and the intercellular substance gi*adnally becomes 
' increasingly opa(iiie, owing to its infiltratioii with small 
j cellular elements (leucocytes). These arc so numerous 
’ and increase so rapidly, that they must undoubtedly be 
regarded as, in the main, emigrant white blood-cor- 
puseles. It was formerly believed that the cells of the 
cornea exhibited active changes, and that from them 
many of the now elements which are seen in the intercel- 
lular substance were produced; but^here, as in cartilage, 
all recent investigations render it more pr6bable that they 
really remain inactive. As the number of young elements 
ihJ^reabea the consistence of the cornea becomes dimi- 
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nislied, until ultimately the tissue breaks down and is 
destroyed. 

TTie inflammatory process may continue until the whole 
of the substance of the cornea is softened and destroyed ; 
or it may become arrested. In the latter case more or ICiSs 
thickening and opacity of the cornea will result, owing to 
the increase in the number of cells and the changes in the 
intercellular substance. 



CHAPTER XXXI. 

INFLAMMATION OF COMMON CONNECTIVE TISSUE. 

CoMMOU connective tisBue is one of the most frequent 
seats of the iiillamiiiatory process, not only the subentur 
neons connective tissue, but also the connective tissue 
of organs and of other parts. 

If connective tissue be examined a few hours after the 
intliciion of an injury, it will be found that in place of 
the llbrillatcd substance and fixed oonuective-tissiie cells 
of which it is normally composed, the tissue is infiltrated 
with small round colls (leucocytes), and that the fibril- 
lated intercellular material has become homogeneous 
'and gelatiuous in consistence. The number of these cells 
gradually increases, and the intercellular substanee gra- 
dually becomes mure completely destroyed — ^being pro- 
bably consumed by the newly formed elements — so that 
ultimately the tissue consists almost entirely of small 
round cells, held te^jether by a very small quantity of soft 
gelatinous ijilorcellular material. 

Respecting the source from which these young elements 
are derived — how far they are emigrants, and how 
far they are the ofispring of cells belonging to the con- 
nective tissuc—there appears to be little doubt that they 
are almost entirely emigrants. Althor^h it was formerly 
supposed tliat the connective-tissue forpusclea multiplied 
very rapidly in inflammation, and that thd newly formed 
cells were entirely the result of their proliferationi the 
investigations of Professors Cohnheim, Strieker, and 
others^ show that this view is erroneous ; and according 



INFLAMMATION OF CONNECTIVE TLSSUE. 273 


to Cohnheim, these corpuscles take na part whatever iu, 
the inflauimatory process. Professor Strieker, liowever, 
has observed them undergoing active movements in the 
inflamed tongue of the frog, and although he has never 
seen them divide, he concludes that they may probiilfly 
do so in the latter stages of the inflammatory process. 
The ])rescnt state of our knowledge respecting inti am - 
mation of connective tissue would therefore appear to 
justify the conclusion that in the early stages of the 
process all the young cells are emigrants, but that in the 
latter stfiges a few of them may possibly l>e derived from 
the proliferation of the fixed connective-tissue colls. 

Such being the n:i.ture of the changes which more 
immediately follow injury of the connective tissue — ^the 
inllanimatory process may terminate in rcsolaiiony in 
orfjanistiHonj or in sappuratlon, 

Eksolution. — If the injury sustained by the tissue is 
jiot severe, the inflammation may gradually subside, the 
process terminating in resolidion. In this case^the 
hyperjDiuia diminishes, the, emigration ceases, some of 
the young cells undergo fatty metamorphosis and thus 
become absorbed, othdrs pass into and are removed by 
the lymphatics, and the tissue gradually returns to its 
normal condition. 

Organisation", — ^If the inflammatory process does not 
terminate in resolution, many of the young cells may 
become more fully developed, and ultimately form a 
fibrillated tissue. This organisation of the inflammatory 
formation is seen in the healing of wounds by the ** first 
intention,” and also in many of the chronic inflamma- 
tions of the kidney, liver, and other organs. In oitler 
for it to occur it is necessary that there should he a con- 
siderable diminution in the intensity of the inflammation. 
(See “ Chronic InflanSmations,”) ' 

The J 2 rp<^ss erf orgaiiiaation takes place hj the produc- 
tion of new capillaries ajid by the development of the 
yomag cells into a granulation-tissue^ This granulation- 
tissue consists almost entirely of young cells, which must 
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*be regarded as exhibiting a somewhat higher stage of 
development than the primary annehoid i;ells (leucocytes) 
of thciullamrnatory formation. They are sph<3rical masses 
of protf>plasm from ^^00 liouti diameter, 

ufiually eontaining an indistinct round or roundly-oval 
nucleus, which often only becomes visible after the addi- 
tion of' acetic acid : and although they exhibit slight 
amoeboid movements, they arc much less active than the 
emigrant blood-cori)u.seles. The further organisation of 
the growl h tabes fjliice by the development of this granu- 
lation-tissue into a fibrillatcd or adenoid structure. TTie 


Fto. 84. 



r(»('th remUhiff from chronic Infnm- 
wulhn of i ti>,urctin Tisane, — an adcaoVf^ « a Jilo'oki 

btmeture. x 201). 

granulation -cells dirniiiiRh in mimhcr, many of them fre- 
quently become spindle-sliaped, the newly formed capil- 
laries gradually disappear, and the richly-cellular tissue 
thus hecoincs converted into a more or less dense struc- 
ture, which is cliaracterised by the gradual process of 
contraction which it undergoes. This is usually known 
as Aiiiitriiytal fissvp. 

The characters of this new tissue^^present certain varia- 
tions. Sometimes it consists of closeiy-packed wavy 
hbres, amongst which are a few elongated spindle-shaped 
elements, such as are represented in Fig. 84, b. It is 
equten^ common- for the tissue to assume the appearance 
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shown in Fig. 84, a — a dense homogeneous or obscurely ^ 
fibrillated material, forming meshes of various sizes, 
wjtbin which are grouped a few lymphoid cells. (See 
also Figs. 67 and 102.) These two varieties are ver^ 
fre<piently associated in the same specimen, the former 
probably representing a higher degree of development 
than the latter. 

SurpiTKATiON. — When the injury sustained by the tissue 
is so severe or so prolonged in its action as to prevent the 
occurrenc/e of resolution or of immediate organisation, the 
young cells infiltrate the tissue in such numbers that 
they may accumulate so as to constitute pus. The pus 
iiiiiy cither bocoirie collected together within the tissue so 
as to form an abscess, or it may be continuously dis- 
charged from the surface, as in a granulating w'ouud. 
The deleterious infiuence which the pus exercises upon 
the tissues with which it comes in contact, causing their 
slr!»‘"+£uction and absorption, has already been alluded to. 
(>Sec Suppuration.”) ' # 

(Mjanimi i(m after Sup'pvraHon. — This constitutes what 
is generally known as healing by graimlatioa, or by the 
second hiiention. It takes place in wounds in which, 
from the non-aiiposition of the wounded surfaces, union 
by the first intention has not been effected ; and in other 
lesions in which the injured tissue presciltvS a free sui*face 
communicating with the external air, as in an ulcer. ^J'he 
process of reimir after the 8ei)aration of a dead part 
(demarcation and separation) is in the same way eficcted 
by granulation, as is also the closing of the cavity left 
after the discharge of the contents of an abscess. In all 
these and similar cases the inflammation and suppuration 
of the tissue #re followed by the formation of granula- 
tions, and by the subsequent development of these into a 
fibrillated structure. 

The process of organisation in these cases is effected, in 
the first place, by the development of the young cells in 
the superficial layers of the inflamed tissu^e into a granu- 
lation*tissue, in the same manner as 'when there is no 

... t2 



^76 INFLAMMATION OF CONNECTIVE TISSUE. 

suppuration. This graiialation-tissue, however, being 
situated superficially, and coming into contact with the 
external air, becomes arranged in the form of small papil^ 
liform nodules, which are known as (jratmlatiom. This 


A Oranuiaifvff Surface, a. Layer of pus: fr. Granu- 
latioJi-tissiH} with loops of hlood-vefwels. c*. OoiniTu^ncing 
devolopmont of the Ki’aimlation-tissue into a librillated 
Btnicturo. X 200. (Uindlloisch.) 4 

arrangement of the granulation-tissue in the form of 
granulations, appears to be determined by that of the 
new capillary blood-vessels which are developed so 
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rapidly in it. These vessels form little vascular loops,- 
and the young cells arc arranged round them, so that 
each loop corresponds with a single granulation. MTie 
deeper layers of the granulationdissuc gradually become 
developed into a fibrillated tissue, whilst the cells on tlui 
surface of the granulations, together with the liquids 
exuded from the subjacent vessels, are discharged in the 
form of pus. (Fig. 85.) 



CHAPTER XXXII 

INFLAMMATION OF BONE. 

Inflammatouy processes in bone give rise, for tbe most 
part, to an increase of mednllary tissue, Sttid.to.SQfteping 
of the compact osseous structure. 

The process takes place in the medullary tissue and in 
the Haversiaii canals, the primary vascular phenomena 
being accompahica by an abundant emigration of blood- 
cor]niaclcs. The colls in the medullary spaces^ 
llinrevuan canals also undergo changes. In those which 
contain fat — tto adipose cells — ^tho fat is absorbed. Some 
of the cells enlarge and their nuclei multiply, and thus 
arc produced large multinucleated elements (myeloid 
cells), similar to those usually met with in growing bone. 
VVlicther thc?ro is Iciny new ccU-formation is uncertain. 
As the result of these changes, the medullary spaces be- 
come occupied by a richly-cellular tissue. 

Whilst these changes are taking place in the medullary 
tissue, the surrounding osseous lamellm are gradually 
al>sorbed, tlm lihie salts aro removed, and in this way 
the medullary spaces anil Haversian canals increase in 
size, and ultimately become confluent. There is thus a 
now formation of medullary granulation-rtissuc at the 
expense of the compact osseous structure, and the bone 
becomes exceedingly spongy, sort, and vascular. 

If the process be not severe it may occasionally, in its 
earliest stages, terminate in resolution. More commonly, 
however*, it continues until more or less of the bone 
becomes replaced by the inflammatory tissue. If the in- 
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flamraatioii bo of considerable intensity it leads to the? 
formation of pus. The cellular infiltration increases, the 
compact osseous tissue becomes more and more absorbed, 
and the pus which is produced may accumulate beneatli 
the periosteum or in the centre of the &ono, so as to form 
an ''abscess. This constitutes tlie condition known as 
ofthio- myelitis or acute ostitis* These intense forms of 
inllammation often lead to necrosis of the bone. 

When the inflammation is of much lc>>s intensity, the 
new iulhimmatory tissue may undergo ])rogrcBsivc de- 
velopment, and form new bone. In this case a new for- 
mation of osseous tissue takes place in the enlarged 
Haversian canals and (jancellous spaces, so that the bone 
becomes converted into a heavy dense structure, consisting 
of hard compact osseous, with very little cancellous, 
tissue. This is sclerosis of bone. 

PjiiaiosTiTis, — Inflammation of the periosteum may be 
L '^oJisedor diffuse, acute or chronic. Acute inflamma- 
tions of the periosteum lead to the formation of pus, 
which accumulates between the bono and the periosteal 
membrane. This, by interfering with the vase ular supply, 
frequently causes necrosis of the su])crficial layers of the 
bone; and if a large portion of the periosteum be in- 
volved, and the inflammatory process extend to the deeper 
pai*ts of the bone, the whole bone may die, Amjther 
not infrequent result of periostitis is a chronic superficial*" 
inflammation and caries of the bone. » 

When the inflammation of the periosteum is less intense 
and more chronic, the new inflammatory growth produced 
in the deeper layers of the membrane may become de- 
veloped into osseous tissue (periosteal ossification.)* The 
process thusteauses enlargement of the bone, or if this be 
necrosefl, it helps to jreprodnee the' lost structure. (See 
“ Necrosis.”) ^ 

• According to Billroth, this new osseous tia^io is partly derived 
from tli 0 bono itaolf, which, he states, is iho scat of a aupcrfirial 
Ostitis. (Sec “Billroth’s Surgical Pathology and Thorapentios,” 
translated by Hackley. 4th Edit, p. 419.) 
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• Strictly localised inflammations of the periosteum occur 
in the formation of nodes, and here also there is fre- 
quently a new growth of bone. 

Nl ECROsis. — All ^ndi tions interfering with the .snpply of 
i blood to a bone may be causes of its death. Necrosis 
may thus result from accident, portions of bone being 
violently separated from their vascular connexions, or, 
more commonly, the periosteum being stripped off and in- 
jured. Much more frequently, however, it is the result of 
the intense inliammatory processes in the bone or perios- 
teum which have been described. 

Tlie bone, when dead, undergoes a gradual process of 
separation from the adjacent living tissue. This is 
eftected in the same way as the separation of soft struc- 
tures. (See “ Gangrene.”) The adjacent living bone 
becomes the seat of an inflammatory process, a granula- 
tion-tissue and pus are produced, and by this means the 
deed portion is completely separated. When sepo^’i't-sd^ 
it is termed a sequestrum. 

The removal of the sequestrum from the granulation- 
tissue with which it is in contact is often only effected 
with considerable difficulty, especially if it be deeply 
seated. T his difficulty is occasionally due to a more or less 
thick layer of the old bone surroiinding the necrosed por- 
tion. Much more frequently, however, it is owing to the 
participation of the periosteum in the inflammatory pro- 
cess. The inflamed periosteum produces new bone, a 
capsule of which is thus formid, enclosing the sequestrum. 
Openings exist in this capsule {cloacae) leading to the dead 
bone, and through these openings the inflammatory pro- 
ducts are discharged. When the sequestrum is quite su- 
perficial, its removal is, of course, more readily effected. 

Caries. — By caries is understood ijiat inflammatory dis- 
integration of bone and removal of the^dead products 
which corresponds with ulceration of soft parts. Caries 
is therefore one of the results of inflammation of osseous 
tissue. 

Inflammatory processes in bone which are of compara- 
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lively slight intensity have been seen to be characti^rised 
histologically by a gradually increasing prodnctiou of an 
inhurninatory granulation-tissue from the medullary 
tissue of tiio bone, and by the absorption of tbc compact 
osseous structure, 'fl^is absorption of the bone apjx*ars 
to be elFected entirely by the new inflammatory growth. 
When these chronic inflammatory processes occur in the 
su])erficial layers of the bone beneath the periosteum, the 
bone is gradually destroyed, and presents a ragged, irregu- 
lar excavated surface. This is superlicial caries, or ulcera- 
tion of bone. The Boor of the ulcer consists of a cancel- 
lous structure containing the debris of the disintegrating 
process. In many cases therei^is a marked condensation 
(sclerosis) of the deeper portions of the bone. 

Chronic inflammatory processes in the interior of hone 
cause in the same way absori)tion and disintegration of the 
osseous structure. Here, however, the inflammatory pro- 
being less readily removed, sometimes undergo, 
es])ecially in scrofulous children, a kind of caseous trans- 
formation, and the carious cavity contains moh^cular 
ddbris, sauious pus, and minute portions of dead bone. 
The inflammatory granulation-tissue often projects as 
fungating masses into the cavity. 

Caries is frequently associated with more or loss ne- 
crosis, especially when the process aftccts the interior of 
the bone. Small portions of bone are cut off from their 
vascular supply, become detached, and are found in the 
carious cavity. 

There are two other morbid conditions of bone, which, 
although probably not coming within tho category of in- 
flammation, may be conveniently described in the present 
chapter — visa MolUties Ossivm and Bickets. 

^lOIiLITIES OSSIUM. 

Hollities Ossium or Osteomalacia is a rare disease, 
occuiTing only in adults. It is chajractmsed by a pro- 
gress ive so ftening of the boneg, owing to an increase in 
their mpAnllary tjaane and the, destruction of the com- 
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pact jM&eona structure. The bones become so much 
softened that they can be easily ciit with a knife ; they 
are exceedingly light, and bend readily in all directions. 
On section, the cortical layer is found to be almost 
de'fetroyed, the bone consisting of a x^idc cancellous struc- 
ture containing a reddish, gelatinous, fatty material. 

The nature of the disease is obscure. According to 
Eitidfloisch, the change consists in a decalcification of the 
osseous, tissue spreading gradually from the medulla and 
cancelli of the bone. The decalcified tissue does not become 
so completely absorbed as in inflammation of bone, but 
undergoes more or less of a mucoid change. The medul- 
lary tissue is exceedingly #rascular, but unlike ordinary 
granulation-tissue it usually contains much fat. Lactic 
acid has been found in the bone and in the urine. The 
urine usually^ also contains lime salts, which have been 
removed from the bone and eliminated by the kidneys. 


The common disease of children so well known as 
Bickets, or Bachitis, is mainly characterised by certain 
alterations in the bones. The bpnes generally are softened. 
Tlic oTids*'of the long bones are enlarged, and the flat bones 
are thickened. As a result of these alterations tlio bones 
become deformed, and their growth is frequently arrested. 

Bespecting the nature of this disease, we are at present 
unable to speak certainly. It appears, however, to be 
closely associated with inal-nutrition, and all those con- 
ditions which materially interfere with the nutrition of 
the child may Be causes of the disease. 

The alteration in the bones may be briefly described — 
as stated by Sir W. Jenner — as consisting in^an increased 
pre])a ration for ossification^ but an incomplete perform- 
ance of the process. In a growing iione the zone of soft 
tissue in which the process of conversion oV cartilage into 
bone is taking place is exceedingly narrow, the cnanges 
in tijo cartilage involving only one or two rows of the 
cartilage cells. In rickets this transition zona is very 
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considerably widened, tbc changes in tlie cartilage cells^ 
extending for some depth into the cartilage, and tbc 
adjacent layer of cancellous tissne being much broader 
than natural. The junction between the bone and the 
cartilage is also exceedingly irregular, so that in some , 
parts the cancellous bone extends into the cartilage much* 
further than in others. Usually the alterations in the 
cartilage in the transition zone are accompanied by the 
calcification of the new tissue and its conversion into 
bone. Tn rickets, however, this calcification takes place 
very incompletely, and thus a wide layer of imperfectly 
calcified soft tissue is formed at the growing end of the 
bone. . 

A similar abnormality exists in the process of ossifica- 
tion from the periosteum. Here also the zone of vascular 
gramilatiou-tissue from which the hone is developed is 
exceedingly broad, tlio calcification of the tissue is excced- 
incomplete, and the bone thus becomes thickened by 
a soft, vascular, and very imperfectly calcified structure. 
As the bone grows the medullary cavity naturally widens, 
and the compact tissue becomes absorbed. This imy)orfect 
formation of osseous tissue from the periosteum produces, 
therefore, considerable softening and weakening of the 
bone. ^ 

The changes in the bones in rickets thus closely re- 
semble those which occur in the normal process of ossi- 
fication. There is the same change in the cartilage 
cells and in the deeper periosteal layers, but this change 
involves abnormally large areas. The development of 
the young cells and the transformation of the new tissue 
appears also to bo more or less incomplete. In many 
parts the y^ung elements do not form perfect bone-celis, 
but simply angular cells without canaJiouli, wliilst in 
others the development may be much more complete. 
Various transitions are thus met with between tolerably 
well developed and very imperfect bone-structnre, but 
owing to the deficiency of lime salts this structure is very 
imperfectly and very irregularly calcified. 



CHAPTER XXXIII. 

INFLAMMATION OF BLOOD-VESSELS. 

INFLAMMATION OF ARTJfiRIES. 

In studying llio process of inflammation in arteries, it 
must be borne in mind that the inner coat of these 
vessels is n\)n-vascular, the blood-vessels being distri- 
buted in the external layers. 

Acute and chronic inflammations of arteries are a very 
frequent result of coagulation of the blood withinjihe 
vessel (thrombosis). Such inflammations will be con- 
sidered in the chapter on Thrombosis. Independently of 
■thrombi, the most acute inflammatory processes in 
arteries are for the most part the results of injuries from 
violence, or of inflammation in adjacent tissues. Here, 
the hist<jlogical changes are principally confined to the 
external coat of the vessel. This becomes exceedingly 
bypeiTfimic and infiltrated with small cells, the cellular 
infiltration involving also the middle coat. As a con- 
aequeuce of these changes in the otiter coats the vitality 
of the intirna is impaired or destroyed, and when this 
has occurred the blood contained within the vessel 
coagulates. 

Atuehoma. — The more chronic forms of^arterial in- 
flammation give rise to changes which are most marked 
i jjeeper layers of the where they produce 

those various alterations in the walls of the vessel included 
under the common term — athoromia. In the &>rlie3t 
stage of the inflammatory process the fibrous an4 elastic 
lament of the inner coat of the vessol become inflltra^ 
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with f?mall cells, which are probably partly emigrants, 
and partl}^ derived from, the cells of these structures. As 
those cells increase in number they give rise to a swelling 
beneath the innermost layers of this coat of the artery. 
(Fig. 86). This swelling of the intima is very charhe- 


Fiq. 86. 



Atheroma qf'the Aorta. Showing tho celliiliir infiltrafion 
of tho deeper lay<n’e of tlic iuncr eoat, and the coiiseijiumt 
internal bulging of tho vessel. Tho new tissiwi has under- 
gone more or less fatty degenorjition. There is also some 
cellular infiltration of the middle coat i. internal, m. 
middle, e.*exterual coat of vossol. x 60, reduced J. 

teristic. It is, in the earlier stage of the process, of a 
soft flabby consistence, and the lining membrane which 
is continuous over it can be stripped off, leaving the 
diseased tissue beneath. It thus contrasts strongly with 
the superfleial patches of fatty degeneration which result 
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from the fatty metamorphosis of the endothelial and 
connective- tissue cells of tbe vessel. (8ec “ Fatty Dege- 
neration of Arteries.”) 

Tlie results of the inflammatory process will depend 
upon its severity. If the process be very acute, the 
young elements accumulate rapidly and infiltrate the 
mid(,lle and external coats, so that the walls of the vessel 
become so much softened, that dilatation, aneurism, or 
rupture may ensue. Such acute changes are a common 
cause of an eurism. Tlie inflammation, howo ver, is iisually 
of less intensity and runs a more chronic course, and it 
is only to these more chronic arterial changes that the 
term “ atheroma” is commonly applied. 

When the process is less intense and more chronic in 
its course, it leads to various alterations in the wall of the 
vessel. The soft cellular intiltration pf the deeper layers 
of the intima usually undergoes retrogressive changes, 
owing to deficient nutritive supply. These chaugos com- 
mence in the deeper portions of the new tissue. Tlie 
young cells undergo fatty degeneration, the intercellular 
substance softens, and thus a soft, yellowish, jiultaccous 
material may be produced beneath the lining membrane 
of the vessel This has been termed an athoroiruUous 
The lining membrane may ultimately give way 
and the softened matters be carried away by the circu- 
lation, and thus is produced the atheromatous uhor. 
In other cases the more liquid constituents of the de- 
generated tissue gradually become absorbed, cholesteiin 
forms, and thus a mass, consisting of broken-down fibres 
and cells, fatty debris, and icholesterin crystals, with a 
varying quantity of the original fibrillatcd tissue, re- 
mains in the deeper layers of the inner coat^, (Fig. 86.) 
This may subsequently' calcify, and so form a caka/teous 
plaH. ^ ^ 

In the most chronic forms of the atheroifiatous process 
there is more or less fibrillation of the new tissue, and 
thus is produced fibroid thickening of the inner coat of 
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the artery. The orgaiiiaation, however, is rarely com-, 
plete, more or less fatty debris being usually enclosed in 
the fibroid stroma, 

Respc<Jting the causes of these chronic arterial inllam- 
matioiis included under the common term of atheroma™ 
tlioy iire probably maiidy due to Qy.Qr.-atrain of the vessel, 
the strain exercising a chronic injurious intiuence. This 
view has been esj^ecially insisted upon by Dr. JMoxon.* 
It is supported by the fact that those vessels which arc 
the most exposed to strain, are the most liable to this 
disease— c.f/., the arch of the aorta ; also by the exceeding 
frcipiency of atheroma in all those conditions in which 
there is an increase of the blood-pressure. The cfi'ect of 
increased blood-pressure as a cause of atheroma is sc'eii 
in the liabiJity of athletes to the disease ; and also in thq 
frocpieucy with which it occurs in chronic Bright's disease, 
and in the pulmonary vessels in cases of mitral obstruc- 
tion, dic. T^he occurrence of atheroma is also favoured 
by sy|?lailis. 

ISri/AMMATION OP VEINS. 

Inflammatory processes in veins are more frequent 
than in arteries, but here they are iu the very great 
majority of cases ft(iQO'JidtLry to coagulation of the blood 
within the vein (thrombosis), the coagulum exercising an 
injurious influeucc upon the coats of the vessel. These 
inflammations resulting from thrombosis will be treated of 
in a subse<|ucnt chapter. (Sec “ Results of Thrombosis.*’) 

The inner coat of the veins m, like that of* the arteries, 
non- vascular, and hence acute inflammatory changes are, 
for the most part, confined to the external and middle 
coats. Independently of inflammations resulting from 
thrombosis, tae lining membrane of veins appears to un- 
dergo no inflammatory changes. 


* ‘‘Lectures on Pathological Anatomy.** Wilks aud Moxon, 

2nd Edit., p. 150. 
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^ Acute and chronic inflammatory processes in veins arc, 
as already stated, most frequently due to thrombosis. 
They may also result from violent injury, or from the 
extension of inflammation from adjacent tissues. The 
process, when acute, closely resembles that in the arte- 
ries. The external and middle coats become infiltrated 
with colls, the vitfility of the intima ultimately beoomeB 
impaired or lost, and when this has occurred the blood 
within the vein coagulates. 



CHAPTER XXXIV. 

INFLAMMATION OF THE HEAIIT. 

IxiLAMi^iATORir processes in the heart may affect the snb- 
sta.iice of tlie organ, o?- the einlocardiuni. They arc much 
more frequent in the last-named situation. 

ENDOCAllDJTTS. 

Enclocarditis is for the most part limited to the valves 
of the licfirt, although it is occasionally inct with involving 
more ot h-ss of the cardiac cavities. The prt)cess is 
almost oxolusivoly confineil to the left side of the organ, 
and in the great majority of cases it commences in, atid 
comparatively rarely extends beyond, the coniines of the 
aortic and mitral valves and the corresponding orilices. 
Further — it is those portions of the valves which come 
into contact in the act of closure, and are thus momt ex- 
poaed^ to friction^ which are especially involved, and in 
which tlic changes usually coininonco. Thus, in the aortic 
valves, it is the convex surfaces of the segments which 
are most liable to be affected, aud not the free edge of tlhe 
segment, but the little band of tissue which passes from 
its attaclied border to the corpus Arautii in the centre 
(Fig. 87); ^d in thejgiitra,! valve, the auricular surface 
of the segments at a jjittle.^stancelfrom the attachment 
of the chordcp tendinefe. (Pig* 88.) When portions of the 
endocardium aplirt from the valves are affected, this is 
frequently due, as pointed out by Dr. Moxon, to the irri- 
tation caused by the friction of vegetations or fibrinous 
clots situated on the valves themselves. (Fig. 89.) 
f ^ TJ 
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The histological changes accompanying endocarditis 
closely resemble those already described as occurring in 

Fig. 87. Fio. 88. 



iHpnmmnfi'n of Aortic Valves . — 
Thf iMrlii'r sta'j:(‘ (if the process. 
Sliowiii^ tho situation of the iii- 
iliimi n a tor y graiiulati( iiis. 



JnJUtmviaihn of Mitral Valve . — 
Thft t-avlier Btjigo of process. Valvo 
s«t‘u from the auricular surfaco. 
Showing tho situfitioD of tho iu- 
Hwnuiatory grauulati(i«<r: 


Fig. 80. 



Endocarditis A f IV to Friction. — The drawing ropresfintfl 
long vog<*ta1ion on one of the sccincpis of the aortic 
vaivo, which by nibbing on the- pndocardinm below has 
pr«dac<M numerous iuilaminatory giunulations (a). 
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those more chronic forms of arterial inflammation known ’ 
as atheromatous. Tlie endocardium and inner coat of 
an artery are very analogous in their structure, both 
being non-vascnlar, and consisting of a layer of connect 
tivc tissue with an internal endothelial covering. The 
iiiilamniatory process may be acute or chronic. 

Aouti: Kndocarditts.— Tf the process be acute, the 
deeper layers of the endocardium become rji])i(lly iulil- 
trated with young colls, and as these increase in number 
the intercellular substance becomes softened and de- 
stroy cd, and thus is produced a soft tissue composed 

Fig. 00. 



yicafe EnilocardHla, A gninulation frrnn Oio mitral 
nilvG, a tibrinouB coagnlum upon tb<‘ surfaco 

of tlio gvjuiulation. x K) (^Ruidfloiscb.) 

almost entirely of cells such as always results from 
inflammatory processes in connective tissue. The mjw 
tissue as it increases tilt^ tip the superjacent endo- 
thelium and projects in the form of minute granulations 
and vegetations Upon the surface of the softened valve. 
(See Figs. 87 and 88.) The endothelial elements probably 
also participate iu the active process. 

The above changes take place iu an almost non-vas- 
cular tissue, aad although there is more or less increa.se of 
vascularity in the moro external endocardial layers, where 
the capillaries are more numerous, there is rarely any 
redness or injection of the endocardiun^ seen alter death. 
Neither is there usually any liquid exuded upon th« 
surface of the granulations. What was formerly rcgard(‘d 
as an exuded material, is in the main coagulum which has 

u 2 
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been deposited from the blood upon the roughened Bur- 
tace of the valve. This deposition of coagnlum frequently 
oecurs in endocarditis, the roughened and abnormal endo- 
jcardium acts as a foreign body and so causes a deposition 
upon its surface. Tliis must not be confounded with the 
vegetations themselves. (Fig. 90.) 

Th^ results of this cellular infiltration Vary. If the 
process be very acute the new tissue may break down, 
and thus a loss of substance result — an endocardial 
ulcer. This takes place without any accumulation of cells 
sufficient to form an abscess, the new tissue simply be- 
coming rapidly softened and disintegrating. In rare 
cases, however, small quantities of pus are found in the 
deeper endocardial layers. The ulcer is irregularly defined, 
and its edges are usually swelled and thickened. This 
nJcenit'uw. enilocardltis is, however, not frequent, the pro- 
cess usually being less acute. The ulceration may lead to 
perforation of the valve, or to a considerable destruction of 
its substance. Laceration or aneurism of the valve may 
also ensue from the ])resstir^ exercised by the blood against 
the damaged tissue. Sometimes the ulcerative process 
extends so as to involve the cardiac substance. Ulcerative 
endocarditis is a grave affection, often giving rise to em- 
bolism, and sometimes to a pyaemic process. 

When the inflammatory process is loss severe, as is 
much more commonly the case, the new tissue becomes 
incompletely organised into a fibrillated structure, whilst 
it undergoes, in part, fatty and calcareous degeneration. 
These changes may result in the adhesion of the valves, 
either to one another or to the walls of the heart. They 
always produce permanent thutkeningt rigidity, and 
shrinkhg of their structure. The new tissue may con- 
tinue to grow after the severity of the process has sub- 
sided, and thus are produced the vegetations and papil- 
lary excrescences on the valves which are so commonly 
met with. (See Fig. 89.) These consist of a lowly 
of^anised tissue, which tends t6 undergo fatty and cal- 
careous changes. 
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Cir'ioNic ENDOCAiiDiTrwS.— This ma.y he the sequel ot‘ 
acute inliammatioii, or the process may frf)ni its coift- 
meucement be chronic in its nature. In chronic endo- 
carditis the celliilai* infiltration is much less rajjid and 
abundant than in the acute form; the intercellular sub- 
stance consequently becomes much less softened and 
destroyed, and the new tissue has a much greater ten- 
dency to become developed into a fibrillatcd structure*. 
The result of these chronic proceSvSOvS is therefore to pro- 
duce a Jihroid thickming of the endocardium, and so to 
cause considerable induration and contraction of the 
valves or valvular orifices. The new tissue sometimes 
fonns papillary growths on the valves, which undergo 
partial fatty and calcareous changes. (See Fig. 89.) 

MYOCARDITIS. 

Myocarditis, or inflammation of the cardiac substance, 
is much less frequent than the preceding. Intense and 
concentrated inflammations leading to the formation of 
abscess probably occur only as the result of a ])ya3mic 
process. Less intense and more dift'usc forms of cardiac 
inflammation are also not un frequently met with in asso- 
ciation with pericarditis, and, less commonly, with endo- 
carditis. Here the inflammatory process appears, by 
extension, to involve the immediately adjacent muscular 
layers of the organ, which are found infiltrated with 
small cells, the fibres themselves being softened and 
granuhir. 

In addition to the above, a form of myocarditis must 
be recognised in which the substance of the heart becomes 
more general^ involved. In certain cases of acute rheu- 
matism the muscular tissue of the heart is Ibund after 
death swollen, softened, opaque, and occasionally faintly 
mottled with slightly yellowish patches. When examined 
microscopically, the fibres are seen to have lost their 
striation and to be finely granular, their nuclei are large 
and prominent, and small cells are found iu varying 
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timnljfvs infiltrating the infa'rmusouliir tissue. (Fig. 01.) 
I fiave met with these ai>pfcarances in two or three cases 

Vio. 9L 



Ai'uh‘ Ml "fra’ /I Is. From a raw of acuto rliount.-ITiMii. 
u \ tiiiti MMltdiini tlio Irft vrtiinrie luiulf iti tlu‘ direction 
I'f it ji'ul.i*' litiriH, showing tho jevamdar and vswollfn » • 
eofdilinri of the iihtvs, and the jiroinintneo of llieir nuclei. 
h. A iMnsvtu’se wt'imn, eliowiujjc the cellular mtiltratioii of 
the iiiiensuisculav lisMUe. x 2u0. 

.‘t neole rlieiuwutisiii, and they must, I think, ho regarded 
i vidt '/jee of Ike oxis4teuce of an acute inflammatoiy 
I .rt5(‘t>». The ck iiige in most marked in the left ventricle, 
ninl it is luuially nssocialed with endo- or pericarditis, 
n *1 a grr.a* compiliiation of acute rheumatism, and i)os- 
s.' U of some other liiscasea, and is probably more frequent 
than is generally supposed. 

a com- 

[uirativedy fare condition, is probably, i^j3iijO!St..caseSj^a 
fd luyooarditis. ^Che changq^i? characterised by 
’ .tissu e betyet^n the 

process in the 

rierTmiscnl^f^se^^^^ around the Jd^^^-vessels. ^This 
iH e?>mes infiltrated with small cells, whiclTtendto become 
developed juito a librillatod structure, {Fig. 92.) The 
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growth of new tissue gradually extends between the 
bundles of inuseulnr libros, so that ultimately each fibre 
may be surrounded by a tract of dense fibroid tissue. 

Fic. 92. 



Fibroid ImlnmtUm of ihe llemi, A thin seciion from 
the wfill of loft ventricle, showing the small-oolh^d 
groVtU in tho iiiionniscular sopta around tho blouti- 
vossols. a. a. vetisols. x 2Q(). 

(Fig. 93.) The muscular fibres themselves, owing to the 
resulting interference with their nutritive Bupfdy, atrophy, 

Fig. 93. 



Fibroid J^dwration of ilw. Heart, A section from the loft 
ventricle of the saiue heart as Fig. 92, showing a more 
advanced stage. The fibroid tissue surrounds the in- 
dividual muscular fibres, which are undergoing fatty- 
degeneration. X 209. 
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.undergo fatty met aTuorplK)si{<, and are gradually replaced 
"l»y the libroul growth. (Fig. iJib) Very iminently the 
cellular nature of the growth, which I believe to charac- 
terise the. earlier stages of its development, is not scon, 
the new issue being sim]>ly fibroid.^* 

I^'ihnnd induration of the heart appears in most cases 
to be induced by inllaramatory processes commencing in 
the y)cri- or endocardium. When secondary to peri^ 
carditis, the cliarigo is usually most advanced in the more 
external portions of the cartliac walls, and it commonly 
ad'e^ds l)oth the right and left ventricles. When, on tho 
other hand, iin endocarditis is the precursor of the indu- 
rativt‘ pnuicss, thci change is more marked in the internal 
muscular layers, and inasmuch as inllammatory processes 
in tho endocardium occur almost exclusively in the left 
eur»iiae eavitii's, the left ventricle is principally involved. 
In other cases the fibroid growth appears to he the result 
of syjdiilis. (8oe Syphilis.”) ^ 

Ahhoiigh I he growth of now* tissue is thus usually 
more adviiruvd in certain portions of the muscular walls 
tlmu in others, it is by no means uniformly distributed. 
In soivk; parts it may bo very dense, the muscular fibres 
being entirely obliterated, whilst in others it is entirely 
wanting, and the muscular elements present a normal 
a}>pearance. 

Fibroid induration of the heart— excluding that result- 
ing from syjdiilis —appears to occupy tho same patliolo- 
gioal position as simihxr fibroid changes in other organs-— 
c.f/., in the liver and kidneys. It must therefore be 
regarded as the result of a chronic inllammatory process, 
which might be termed chrome myocarditiis. Its effect 
must tn-ideutly be to interfere very materi^ly with the 


* »r. Hilion Faggo, m o scries of eleven cases <Jf fibroid discflse 
Unj KearU tonna that cellular elcmenia in tho new growth were 
alnu,sf invariably absent, («ee “Trans. Path. Soc. Loud.,’* vol. 
x\ V. j). b*l.> ’ 
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motor power of the organ, and it consequently constitute* 
one of the most grave of all cardiac diseases. 

The carJiac walls may become much thickened by the 
new growth, and the induration of texture is often very 
considerable. In the specimen from which tho accom- 
panying drawings were made, the disease w^as apparently 
secondary to an endocarditis, and the walls of the lelt 
ventricle were so hard that they cut almost like a piece 
of tendon. 



CHAPTER XXXV. 

TN^’L.^MMATl()N OP LVMrHATTC STRUCIUJIER. 

lNFL\MM.\Toi{,ir procos.5es ill lympliiitic structares usually 
result .from tijcir injury by Hn])stauceR conveyed to them 
by the lyinpluitic vessels. Tliey include— and 
chronic inflaTumaiions, and the sjiccific inflammation 
associated u itli Tifplioid Fev(^\ Each of these must be 
considered separatijly. 

A(M7Tn INUU\MMVriON OF LYMniATIG STRi:rjTU«{fS. 

K\amp]<'S of aciiie in Hamrnation of lymphatic stnictures 
arc furnished by llie inflainmation of the glands in the 
axilhi from a vroiiud on the hand, of the glands in the 
groin from gunonduna, and of IVyer’s and the solitary 
glands in the iuiostiue from inflammation of the intestinal 
mucous moiiibrane. 

d’ho prt;cess consists in a hyyierEcmia of the gland to- 
gether with a riii)'nl increase in the number of the lymph- 
cells. Tliis incroa.so is probably due, partly to a hyper- 
plasia of the Original cells of the gland, and partly to 
the mi'rratioii of blood-corpnscles. The cells not only 
increase in number, but many of them become much 
larger in ciac, and their nuclei multiply. The cells of the 
ti-abeculio also participate in the active process. The 
increase in the size of the element^ and the mnltipli- 
c«)tioii of their nuclei usually leads to the production 
of some liirger cells containing three or four nuclei. 
These have, been already alluded to as being frequently 
met with in lymphatic structures which are undergoing 
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active proccKwes. (ScoFig. i^7.) Owing to tliese cliangos 
tliG gland becomes considerably increased in si/c, sol't and 
pulpy in cojisistcnce, and its cortical and medullary 
parts arc no longer dislinguisliable. 

lipun the removal of the injurious infliicuce tho process 
may gradually subside, the ninv cloineiits undergo dis- 
integration and absorption, and the gland returns to its 
TKuinal condition (Uesolntion). In oilier cases tlics process 
goes on to suppuration, the trabecula) are destroyed, 
many of tho cells become disintegrated, and the locnli of 
the gland become filled with pus. I’his is usu.'illy asso- 
ciated with indamnnition and snpimration of the .sur- 
rounding connective tissue. In the glands of a m neons 
membrane the process gives rise to what is known as a 
Ibllieular abscess. 

CirRO.VIC INFLAMMATION OF LYMFUATIC STllUOTUKES, 

Ch"^tiic inflainmations of lymphatic structures result 
from injuries which arc less severe and more prtdongcd 
in their action than those which give rise to tho acute 


Fig, 01. 



(Bronte Ivfiawmatwn of a Lnmphafk Gland. 

Sbowiulfc the. increase: in tho wtromfi, and tho 
dimiuntion m the number of tlio lymphoid 
coils.« X 200. 

form. The resulting cellular infiltration of tho gland i« 
consequently a more continuous one, and the gland be- 
comes more or less permanently increased iu size. The 
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i^ticulum is also considerably involved. Those chronic 
inflam in fitory processes differ from th(3 acute, inasmuch 
as they lead to a gradually increasing development of the 
reticular structure of the gland. The reticu-lated network 
beebmes tluckor and more fibrous, its meshes become 
smaller and smaller, the lymph-cells diminish in number, 
and tlms the gland becomes hard and fibrous in consis- 
tence. (E^ig. y4.) 

HimifuUus Glandit.—ln those chronic inflammations of 
the lymphatic glands which occur in scrofulous subjects, 
and in which the glands tend to become caseous, the 
changes reseuihle thetso which have boon already dcscriljed 
as characteristic of scrofulous inflammation. {See “ Scro- 
fulous Inflammation.**) The cellular infilti’ation is con- 
sidorahh*, there is hut little tendency to absorption, and 
nuiny of tJic cells increase ia sisse, and even form multi- 
micloated elements. The gland thus becomes enlarged, 
soft, and olaslic in consistence, and of a uniform greyish- 
white colour. Owing to the obstruction to the circulation 
caused by the pr(‘ssure of the cellular infiltration, the 
gliiiid luulergoes retrogressive changes and becomes case- 
ous. I^lic caseous material may subsequently liquefy, or 
become infiltrated with calcareous particles. Many caseous 
lym])liati(; glands are tuberculous. (See “ Tuberculosis of 
Lymphatic Glands,'*) 

lNrL.UTiMAT10N OF LYMPHATIC STKUCTUPES IN 
TYPHOID FEVEK. 

The inflammatoiy process w^hich occur in the lym- ■ 
phatic yt rnctures in TyphoS Fever, have their seat in the ; 
spleen, in tlie lymphatic structures^of the intestine, and i 
in the mesenteric gloiuda. * i' 

TIui SijJeeu, — In the spleen the change resembles that 
which occurs in many of the other acute febrile diseases, 
although it reaches its maximum in typhoid. The splenic 
tissue becomes exceedingly vascular and the lymplj^ic 
elements incase . so that' the organ 
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often attains two or three times its natural size. Many 
of ^;he new elements enter the blood, tbns causing a slight 
temporary increase in the number of white, blood-corpns- 
cles. As the fever subsides, the hyperiurnia diminishes, 
many of tlic new elements undergo disintegration ami ab- 
sorption, the remainder enter the blood, and tlius the organ 
again attains its normal characters and dimensions. 

TliP Inicsiiiial l/ympliaiic Striictmes. — It is in the 
solitary and lEeyer’s glands that the most .cEaraoteristic 
changes take place in. typhoid fever. These struct uros 
may be involved throughout the whole of the email and 
large intestine, but in most cases the process is limited to 
those ill the ileum and emeum ; and those glands are 
always the most atloctcd which, are situated the nearest 
to the iloo-caocal valve. 

I'lie j)riniary change here consists in a. hyperamiia and 
cellular infiltration of the glands. Many of the cells 
increi^e considerably in size, so as to form the multi- 
luiclealod elements already alluded to. Both Peyor’s 
patches and the solitary glands thus become coiisidovably 
enlarged and prominent, standing up above the suriace 

Fig. 95. 



Typhoid »fwUing of Peyefn Ptskhea and Solitary 
(Handa of the JtUesthieu 

of the intestine. (Fig. 95.) Tliey are of a greyish -white 
or pale reddish colour, and of a soft, braiu-like consistence. 
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The surrouiKlintr mucous niembnine is also exceed id gly 
vascular, and is the seat of an acute catarrhal process. 
This catarrh is more or less general, and usually precedes 
the swelling of the glands. The cellular infiltration, in 
many])arts, rapidly extends beyond the confines oE the 
glands into the immediately surrounding and subjacent 
tissues, Litid even in some cases into the muscular coat. 

^rhe process 710 w passes into the second stage— that of 
the death and disintegration of the newly formed tissue. 
This may terminate in various ways. The Enlarged 
glarids, many of tliem, subside, the new elements become 
disnitegratcil and arc absorbed, and the gland thus un- 
dergoes a gT.-idual process of rosolaiioth. In others, the 
individual follicles of tlic glan^ rupture, discharging their 
contents externally, and ilie patclies then acquire a pecu- 
liar niticulatcd ai)])oaran«!o. The most characteristic 


tcrmiiiaf ion, however, of the tyjdioid process, is the se])a- 
ratlon of the dead tissue as a slough, and the formation 
of the h/plioid 

'J’he process of sloughing and ulceration may, like the 
collulaj' infiltration, take place uniformly throughout the 
Eic ao whole gland, in which case tlie 

whole mass is thrown off, leav- 



A Ttji'h >/>/ Vfeer of the 


ing an ulcerated surface cor- 
responding in size with that 
of the glaud. (Fig. 9G.) More 
commonly, however, in the 
patches, the sloughing com- 
mences in different j>ortions of 
the patch, and small irregular 
losses of substance result, which 
may gradually c^xtend until 


they form. one lai'go ulcer. 


Although, as already stated, the cellular infiltration 


7 jaay extend beyond the confines of the glhnds, this is 
rarely the case with the ulceration. The peripheral infil- 
tration imkergoes resolution, and hence the ulcers have 


the same configuiation as the original glands ; those origi- 
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Jiatlng from tLc paichcf? being oval, with tlieir long «lia* 
meter in the direction of the grft; and those originating 
in the solitary glands being spherical in sliape. In rj,ire 
cases, wlien there is much intiltratiou of the surroumliiig 
mucous membrane, the ulceration may extend slightly be- 
yond the confines of the glands. 

With the sloughing and disintegration of the new tissue 
the process of infiltration ceases, and hence tlioit‘ is no 
induration or thickening of the base or cilges of the 
ulcer. The base is smooth, and is usually fonji(‘d of the 
submucous or muscular coat of tlio intestine. The edges 
«ire thin and undermined, and c»msist of a well-deiined 
fringe of congested mucous membrane. (Fig. *J7.) This 
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A lyphiitd llfirr of t}n' InlfHline idhiirarnimfir), iShow- 
autlerinin<‘d e^^g^•s of flu* uloor, <ujil llu* .slmigli nIiII 
fullu*r»‘iit, a. KpilUftlMiI lining. 6. >Sul)nnir,ous lissiio. 
r, Mutscular wt. ct Feiitimcuiu. 

is best seen when the gut is lloatcd in water. Tn some 
cases, however, the sloughing extends deeper tlirough the 
muscular layer to the sub-peritonogj tissue, and it may 
thus cause perforation and peritonitis. 

The third stage of the process is that of cicatrisatirm. 
This takes place by the resolution of the periplienJ iiifih 
tration, the approximation^ and union of the undermined 
edges with the floor of the ulcer, and the gradual forma- 
tion from the margin of an epithelial covering. Tim 
gland-structure is not regenerated. The resulting cica- 
tjix ^is sli^litly depressed, less vascular than the 
sunptuidiug mucous membran^' The^re is no puckering 
or diminution in the calibre of the gut. In some cases, 
however, cicsifcrisalion does not take place so readily, and 
the floor of the ulcer becomes the seat of a ttiicondary 
ulceration. This usually takes place after tlic general 
disease has run its course, or during a relapse, l^ofuso 
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Jia-morrhsipfc and pcrFonition nioro rommonly result from 
tlic Hccoiidary iilceraiioit than Iroiii llie prijimry sloufflung 
gl.iuds. 

The nforU' OltfudH . — ^The change in the mesenteric 
glands is ])rohahly secondary to that in the intestine. 
'rhes4‘ glands become the seat of an acute cellular infil- 
t ration, and are enlargc^d, soft, and vascular. They 
UHnally, lihe many of the glands in the intestine and the 
sple(‘n, undergo a gradual ])ro(*eHs of resolution. In rare 
cahcs, ho\v<‘vi*r, lh(‘ capsule of the gland is destroyed, 
and the softened niatt(n\s nuiy escape into the peritoneal 
cavity and so cansc peiitouitis. T'he enlarged glands 
may also hcoomo caseous, and subsequently calcify. 



CHAPTER XXXVI. 

INFIASriUTION OP MUCOUS MEMEKANES. 

Tn mucous membrane.^’ inflammatory processes arc di- 
vidod into cat^jhal, indamlna- 

tioiiK. 

Cataiuiual Inflammation.- --Catarrhal inflammation, 
or as it is more commonly called catarrh, is much the 
more frcipieiit. In its milder forms this is characterised 
mainly by an increased secretion of mucus. ""Tlic initial 
hypcrmriitx of the membrane is followed by an abnormal 
production of epithelial and mucous elements. The liquid 
which frans\ides from tlie blood-vessels is more abundant, 
the small spherical cells which constitute the mucus- 
corpuscles are produced with increased rapidity, and the 
residt is an increased secretion of mucus, rich in cellular 
elements. These young cells are most of them emigrant 
blood-corpuscles, others are produced within tho epithe- 
lial cells by endogenous multiplication. As the process 
continues, many of the epithelial elements beconui 
loosened and are discharged with the mucus, omd within 
these groups of bodies may occasionally be seen, which 
are evidently young mucus-corpuscles. (Fig. 98.) The 
secretion of the mucous glands is also increased. Owing 
to these chan Jos, the mucous membrane becomes, sw# lied 
and abnormaU^ vasciilar. The increased vascularity is 
evidenced by redness ' during life, but after death the 
blood usually passes out of tho vessels, and the mem- 
brane may look paler than natural. 

If the inflammation be more severe, the vascular phe- 
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noTnoiui are more marke‘1, ilie production of yoixngf 
elements is more rapid, tlioy arc smaller and not so well 

Fig. 1)«. 



Caint'rhol JujUtmumtUm of Ilie CotijuncUm, a. Fpitholiiim. 

K iSiilM'iTillM'lia! connect ivotissm). Showing tin,* prolifevn- 
iioii (»f (he cpithornnii,and th»‘ origin of tho young eloinuiits 
witliiu Ui(} opitlielial ctilla, (liiiullleiscli.) 

il(‘volupc(I, the opitlielmm loosens and falls off more 
readily, and the secretion becomes puriibrm from the 
ifrcat number of cellular elements which it contains. 
Many ot' these clemeiits are indistinguishable from piis- 
c,orpn soles, otliers arc somewhat larger and resemble the 
ci^rpnscles of normal mucus. Between tho corpuscles of 
mucus and pus tliorc is no line of demarcation, the one 
]>assiiig by insensible gradations into the other. Tho 
former are. somewhat larger and more rt'gular in shape 
than 1 he latter, and usually contain only a single nucleus. 
As the process continues tho suh-epitilielial tissue is gra- 
dnally involved, and becomes infiltrated with small colls. 
Owing to the loss of epithelium, the surface of the 
membrane may at the same time become more or less 
irregular, and present numerous irregular abrasions or 
ulcers. « 

l^heao changes in tho mucous membrane itself are 
accoinpaniod by inllammution of the lymphatic structures 
wliich it contains. The lymph-follicles become enlarged. 
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Their contents may Kofton and form a minute pseudo* 
abscess, and this burstin<( gives rise to a small nicer. 
These are the follicular ulcers so often seen in catarrhal 
conditions of the intestines and pharynx. The ulcera- 
tion in some cases extends beyond the confines of tfie 
folli(d(‘. I’lic proper glandular structures may also 
bec<jine involved. Their epithelium multiplies, the glands 
become choked with the epithelial elemeuta, and tlioy 
may subsequently atrophy. This is seen in catarrh of 
the stomach. 

Tlie acute process may quickly subside, or it may 
bccon:y=! chronic. In the latter case the vascmlarity 
diminishes, but the multiplication of the epithelial cle- 
monts continues, and the sul)-(‘pithe]ial tissno heconios 
more extensively infiltrated with small cells, 'rho mucus 
thus becomes thicker and more ijuriform in cdiaraeter. 

C’An^/H'e catarrhal indainiuations of mucous membranes 
dhtor from the acute, inasmuch as tlm ^ub-epitlie.lial 
cgnnoctfvt'. tissue is m,uch more extensively involved. 
This tissue Ixicornos infiltrated -with small ehmumts, 
which niay nltimatcly form a more or leas completely 
librillated structure. The inembrano thus becomes iii- 
duratod and thickened, and the jn'cssure (‘xercisocl by 
the new tissue may induce atrophic changes in the glan- 
dular structures which it contains ; hy preventing the 
exit of their secretion it may also causo them to dilate so 
as to form cysts. This atrophy of the j)roj)Ov glandular 
structures is seen in chronic catarrh of the .stomach. 
These changes in the sub-epithelial connective tissue are 
usually accompanied by enlargemcuit of the lymphatic 
structures, an enlargement which aometimo.s gives to the 
membrane a nodular or granular appew ranee. Tlii.s is 
well seen in the pharynx (follicular pliaryngitis). Tlic 
enlarged lymphatic structures may also con.stitutc the 
starting-point* of an ulcerative process. (See ''Tuber- 
culosis of Mucous Membranes.”) In some situations, as 
the stomach and intestine, the membrane often at the 
same time becomes deeply pigmented. 


x2 
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* Fibrjnous and Ciiourous Inflammations, — The terms 
fibrioous and croupous, us applied to inftammatious of 
MUCOUS membraneh, have in this country usually been 
re^iirdt^d as synonymous, and have been employed to 
cTesi^oiate those inllanimations which lend to the produc- 
tion of a so-called false membrane — such as is seen, for 
example, in true croup. According to Dr. E. Wagner, 
and some other continental observers, however, fibrinous 
and croupous inllammation must be regarded as consti- 
tuting distinct varieties. Fibrinous infiammaiious arc 
those intense forms of inllammation in which the exuded 
inllamnialory li((uids contain a large proportion of 
coagulable material, so that they form a kind of inoni- 
brauous layer. They occur as the result of severe 
iujuri(‘s of the mucous membrane, such as are occasionally 
met w'ith in children from attempts to drink out of a 
vessel containing iDoiliiig water. Croupous infiamiriatioiis, 
ou the other hand, according to these observers, are 
characterised mainly by a peculiar metamorphosis of tho 
epithe’Wl cvjlls, which become enlarged, and are thou 
converted into a kbxd of fibrinous material. They occur 
in croup aiul diphtheria. This disiinctiou between fibri- 
nous and croxipous inflammation, however, has at pre»seiit 
mot with blit partial acceptance in this country. The 
two ni)pcar to be closely allied; and the formation of tho 
iiienibranous layer is probably often due partly to the 
coagulable inflammatory liquids, and partly to mucoid, 
or to sonio similar metamorphosis of the epithelial 
elements. 


CEOUP. 

In croup, the inflammatory process at its commence- 
ment is simply a severe catarrbal one, consisting in an 
increase in the vascularity of the^ membrane, togetlier 
with ail exudation of liquor sanguinis and blood- 
corpuscloa, and proliferation of the epithelial elements. 
This is quickly follow^ed by the production of a mem- 
branous layer upon the surface of the tissue, usually 
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known as the fahr membra tto. This membrane varies* 
consiilerably in cousisience, being in some cases liviii anti 
tough, in others soft and pultaceous. can roadiiy 
be removed frtmi the subjacent tissue, and afttjr its j-^- 
moviil, the mucous membrane is left partially deprived 
of its epithelium. If the inflammatory jjrocess subsides 
the epithelium is reproduced and the part returns to its 
normal condition ; but if it continues, a fresh iiilso mem- 
brane is formed. As the inflammation extends down- 
wards into tluj^rachea and bronchi, a gradual transition 
may usually be observed from croupous to catarrhal in- 
flamnuition. In the upper part of the air passages, 
wljerc the process is most intense, the false mernbrniie 
exists, but in passing downwards, where it becoTucs 
less severe, the mucous membrane is simidy coated with 
miious. 

llosiK'cting the nature of tho false mem bran o, as already , 
stated, opinions differ. When examined niicroscopit'ally, 
it is seo*i to consist of a finely flbriJlatod and delicate 
network of homogeneous mtaterial, enclosing in its rneshes 
numerous leucocytes and epithelial cells. Tliis Hbrillated 
network has been commonly snjjposed to be produced by 
the coagulation and libnllation of the inllanunatory 
exudation liquids, but according to Wagniu* and others 
it is mainly due to changes in the eiutholiuui. Tlie 
smaller cells which are enclosed in its meshes are doubt- 
less principally escaped blood-coqmscles ; the larger 
epithelial elements, which are much less numerous, are 
those belonging to the mucous membrane. 

Micrococci a])pear to bo constantly present in the 
croupous membrane, and also in that of diphtheria. 
They are nsjially found as colonies of globular organisms 
in the upper layerjj -of tho membrane. Whether they 
are essential or merely accidental is at present uncertain. 
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I)JPT^.T^IE1^JA. 

■^It in impossible in most cases to draw any line of 
demarcation between the histological changes occurving 
in diphtheria and those of croup, and it must be borne in 
mind that by many these diseases are regarded as 
identical. In diphtheria, however, there is often some 
cellular infiltration of the ‘submucous tissue, and the 
false mcj'jihrarie is less readily nunoved. 'J'he circulation 
also sonietiinos becomes so much interfered wuth, that 
portions of the tissue lose their vitality, and large aah- 
oolonrcd sloi^ghs are formed, which after removal leave a 
considerable loss of substance. 

DYSENTERY, 

ITie inflammatory processes occurring in the intestine 
m (lysenh'ry arc for the most part limited to the large 
inlc^ine, although the ileum is also occasionally involved. 
JTie ijiiiammatiou is always most marked in the rectum 
and descending colon, and it may be stated generally, 
that it is (characterised by the ulceration and sloughing 
of the membrane to which it gives rise. 

The iutesiiual changes vary considerably, according to 
the intensity of the infiammatory process. In th e mfider 
terns of^ the disease the changes ai’e most matched on the 
summits of the folds of the mucous membrane. TPKese 
nro found covered with a greyish- white layer of fibrinous- 
looking matei-ial. which, when scraped off, leaves a 
superficial loss of substance. The mucous membrane 
gonerolly is hypcraemic and softened. The submucous 
tissue is also infiltrated with inflammatory products, and 
the solitary glands are enlarged and .promineht. 

When the process is more severe, tiie pubmuepus tissue 
becomes more extensively involved, and the supeyficial 
layer of fibrinous material extends over wider areas and 
implicates more deeply the mucous membrane. The 
tl^ening of the intestinal wall, however, is much greater 
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111 some parts than in others, so that projections arc pro- . 
(lucoci upon tlic inner surface of the intcatiue, corro- 
spoodinjj with those parts which are the most attccteJf* 
The enlarged solitary glands usually slough, and so givii 
rise to circular ulcers, which rapidly increase/ When the 
process has reached this stage, the muscular and serous 
coats are implicated, the latter being covered with layers 
of fibrin which form adhesions with adjacent iiarts. Tlio 
intestine is much dilated, and contains blood and disin- 
tegrating inilamniniory products. 

In the most intense forms of the disease, the necrosis is 
more extensive. .<Vf*.cordmg to Kokitansky, large portions 
of the mucous nicinhrane are converted into black rotten 
sloughs. The submucous tissue is infiltrabid wit!i dark 
blood and scrum, but subsequently it becomes the seat of 
a reactive suppurative inilammation, hy moans of which 
tlio, necrosed portions of tissue ani removed. 

If death docs not occur and' the inflammatory process 
subsides, the ulcers iruiy gratlually heal. When the Joss 
of substance has not been considerable, the edges of the 
ulcers may, by the contraction of the BiiJiraucous tissne, 
become completely approximated. More commonly, 
however, the loss of substance is so great that portions 
of the membrane are left, consisting simply of conne<^tive 
tissue. 

When the inflatnmatory process becomes chronic, the 
changes in the suhmncous connective tissue become more 
marked, and the new fibroid growth gives rise to con- 
siderable thickening and induration of the intestinal wall, 
and to more or less contraction and narrowing of the 
cavity. Sometimes it forms fibrous bauds which project 
into the gj.t. The formation of almcesses and fistulous 
passages occasiouayy occurs in the thickened intestinal 
wall. 



CHAPTER XXXVII. 


INFLAMMATION OF SEROUS MEMBRANES. 

JNFiAMAtATORV pi’ocossfs in scrous meml)ranef? vary in 
their intensity, and in the amount and character of the 
elfusiou. 

The })roccs3 commences, as in mucous membranes, 
with liypcraimia, exudation of liquor sanguinis and emi- 
gration of Idood-corpusclcs, together with increased 
activity of the endothelial elements. The endothelial 

Fig. 09. 



luPtHwd f^iphmqfa Unbhtt. Showing the 
endogeueme pruliforatioii of the endothelium. 

X 2oii. (Oonvil ttud jEtaovier.) " 

cells enlarge and become more granular, tJieir nuclei 
divide, and new elements are formed by endogenous 
multiplicatiou. (Fig. 99.) The number of new cells 
whicli^aro thus produced, together with some of the 
oldoi^ cells, and a large number of emigrant blood^or- 
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pnscles, escape with tlie cxn<lcd liquor sauf^ulnirf into 
llie sev(jus cavity, wlu^re they may pi^obahly coiituiuc to 
exhibit their formative activity. 

Owin^ to these changes the membrane loses its natural 
smooth and glistening appearance, and becomes opatpu?, 
roughened, and exceedingly vascular. Its surface at the . 
same time becomes covered with a fibrinous layer, and 
more or less liquid transudes into its cavity. The 
coagiihible material wliich exudes from the vessels forms 
a soft, clastic, membranous, or reticulated investment, 

Fia. 100. 



Inflammation of the JhaphragynafU' Pleura. Show- 
ing tht- adUej<’nt fibihious layr'r. n. Muscular of’ 
(liapliragiii. h. Salvs<n'ou8 li.ssue. r. Sf'rous niciu- 
branc. t*. Fihriuous Kyor, x 400, (Uiiulfli-iseU.) 

enclosing in its meshes numerous small cells. This 
either glues the two surfaces of the membrane together, 
or, if they are separated by liquid effusion, forms a 
slightly adherent layer. (Fig. 100.) The exuded ]R]nicl 
varies conBi<Jcrably in amount and is always turbid, 
thus differing from igni-inflammatory efPnslons. It con- 
tains flakes and masses of coagulated fibrin and innu- 
merable cell-sflructures, the latter being in the earliest 
stages of the process almost entirely emigrants. 

The nature of the subsequent changes will depend upon 
the intensity of the inflammation, and upon the amount 
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. of liquid exuded into the scwuis cavity. If the inflam- 
matory process subsides, and the liquid exuded is not 
•^uflieiemt to prevent the two surfaces of the membrane 
from corning into contact, they grow togetlior and form 
an adhesion. This constitutes the so-called lulhrsiue 
uijlaummtinn. The utuoii i.‘< effected by the formation of 
connective tissue. 'J'hc small rouird cells imbedded in tbo 
fibrinous layer become elongated and spindle-shaped, the 
fibrinous material filnillates, and numerous now vessels 
arc formed. Many of the latter atrojdjy and disappear 
as the organisation becomes complete. The process is 
thus preei-iely similar to that which takes place iu tlie 
union of an incised wound. It is probable also that in 
some cases union may take place without the intervention 
of any fibrinous layer, by the formation and growing to- 
gether of irregular papillary outgrowths from the sub- 
eudothelial tissue. 

If, however, the inflammatory process is severe, or the 
surfaces of the membrane are separated ])y a large quan- 
tity of liquid effusion, organisation and adhesiou cannot 
be thus readily effected. If a large quantity of liquid 
e ’lists in the serous cavity, the removal of this becomes 
necessary before union can take plac^e. If the inflamma- 
tory process continues, or its severity is great, union is 
prevented by tlie formation of puja- These two condition.s 
must be considered separately. 

The existence of a large amount of effusion interferes 
with the adhesion of the serous surfaces, and before this 
can bo effected the absorption of the liquid becomes 
neces.sary. In some cases this occurs very rapidly, and 
it is probably greatly facilitated by the new blood-vessels 
which are produced in the fibrinous layer. Frequently, 
however, the i>rocess is more prolonged, and the sub- 
endothelial connective tissue becomes involved before ab- 
sorption takes place. When this is the 6a8e the connec- 
tive tissue of the serous membrane becomes infiltrated 
with small cells, which form a granulation-tissue beneath 
the layer of proliferating endothelium. The endothehum 
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itself grmlually becomes less abundant, and tlie fibrinous 
exudation inider^-oos fatty clianfjos and licjnclies. I’ho 
now granulation-tissue becomes exceedingly vascular froni*^ 
the formation <»f numerous blood-vessels, and if tb43 in- ^ 
llamination subsides, it gradually develops inbj connec- 
tive tissue, and thus a false membrane is formed, rich in 
vessels, which takes the place of the endothelial .layer. 
As 1 he liquid is absorbed, the two surfaces of th<3 mem- 
brane come into contact and grow togetlier, the ikjw 
v(3Raels becoming gradually obliterated. 

If the in rtammatory process does not subside, or from 
its cfunmeiicement is of con.sid(3rablc severity, it may be 
atlendcd by the* formation of large quantities of pus. In 
tliivS casri the emigration of blood-corpusi'.los is so con- 
siderable that the young eloraeutB exist in large tmough 
numbers to give to tbo exuded liquids a purulent cha- 
racter. The condition is then termed empyema. As the 
connective tissue becomes involved and a granulation- 
tissue is iormed, this may continue to generate pus like 
.an ordinary granulating wound. If the pus be n^moved, 
the suppuration may gradually cease, the granulation- 
tissue develop into a fibrous structure,' ami the union 
of the serous surfaces thus be effected. The serous 
membrane bf3Conies greatly thickened, and the new tissue 
undergoes considerable contraction in the process of its 
organisation. 



CHAPTER XXXVITL 

INFLAMMATION OF THE LIVER. 

3NFiiAMM/\.TORT processcs ill the liver are either acute or 
chronic. Acnh^ inflammation^, leading to supjmration, 
arc usually infective in their nature, resulting from the 
transmission of infective luateiials from inflammatory 
lesions in the abdominal organs or in other parts. The 
processes are consequently most freqncjitly disseminated 
and confined to small portions of the hepatic ^nbstance. 
The pus-corpuscles-— which usually accumulate so as to 
form an abscess — are almost entirely emigrants, although 
recent investigations render it highly probable that they 
may also originate by the endogenous prohferatiou of the 
liver-cells. 

These suppurative inflammations are in the iriiijority 
of cases pymmic, and when pymmio tliey are usually mul- 
tiple. Hepatic abscess is also not unfrequently, in tropi- 
cal climates, associated with dysentery. Here the abscess 
is commonly single, and it probably results fi*om the ab- 
sorption of infective substances from the diseased intes- 
tine. As other causes of hepatic abscess must be men- 
tioned, inflammation of the bile-dnets, such u.s sometimes 
results from gall-stones, Ac. ; and external yiolonce. 

Ghrouic inflammatory processes ^n the liver, being of 
much loss intensity, lead to a gradual increase in the 
connective tissue of the organ, and consequently to indu- 
ration and to the subsequent atrophy of its proper struc- 
ture. ■ They constitute what is known as interstitial 
Jicpaiijlie, or more commonly as cirrhosis. 
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ciRmiosjs OF Tim liveii. 

Cirrhosis of the liver, or interstitial hepatitis, is chfarac-"* 
teriscdhya gradual increase in the conuecllve tissue of the * 
organ and by the subsequent atrojdiy of the livor-eelJs, so 
that when exaniiiied with a low niaguifyiiig power, the 
acini are seen to be separated by broad tracts of new in- 
terstitial growth. (Fig. 101.) 


Fio. 101. 



Cirrhom of the Liver. iSliowing tho growth of coii- 
nectivw tissno betw^un tlio lK*patic lobules, a. Lubiiles. 
b. Now growth of iiitorlobular counectivo tissue, x U». 

The process usually commences in the connective tissue 
surrounding the smaller branches of the portal vein, and 
gradually extends to that surrounding the larger ones, 
until ultimately the connective tissue throughout the 
whole organ may become involved. This tissue becomes 
infiltrated wfth small round cells, from which are pro- 
duced a more or less completely fibriUated structure, con- 
taining in the tarlicr stages of its dovelo{»ment numerous 
new blood-vessels, which arc supplied by branches of tho 
hepatic artery. The change is sometimes uniform, but 
more commoidy it is much more advanced in somo parts 
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than in others. In many places the new tisane consists 
almost entirely of cells, whilst in others the fibrillation 
is much more marked; and if the process lasts long 
enough, the vascular and richly-cellular growth gra- 
dually assumes the characters > of cicatricial tissue, the 
vessels at the same time becoming obliterated. (See 
Fig. 84.) 

Fig. 102. 



CirrkosU of thf Liver, A thin section from the ex- 
ternal portion of oiio of the hepatic lobules. Showing 
the new growth ot connective tissue, and the way in 
which it involves the iutercellukr network and causes 
atrophy of the liver-cells, x 200. 

The effect of the new growth is ultimately to cause 
atrophy of the hepatic cells, and to obstruct the circula- 
tion through the portal capillaries and the passage of bile 
through the bile-ducts. This effect is materially increased 
by the process of contraction which the new tissue xinder- 
goes. The hepatic cells in the outer zone of the lobules 
are the first to atrophy ; the new tissue insinuating itself 
between them, so as to gradually involve the intercellular 
network. (Fig, 102.) The cells then become jailer and 
^ndergo fatty metamorphosis; and ultimately they are 
completely destroyed. ' Those in the central parts of the 
Idbule are in the earlier stages but little altered, although 
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they are often stained with bile. As the growth ^extends, 
however, these also bccorne annihilated, and the whole 
lobule may be replaced by connective tissue. The cells iii^ 
the outer part of the lobules are sometimes infiltrated with 
fat prior to their destruction, the cirrhosis being asso- 
ciated with fatty infiltration. (Sec Fig. 8.) 

The obliteration of the portal capillaries by the new 
tissue gives rise to ascites, haematemesis, diarrhoja, en- 
largement of the spleen, and to the other results of portfil 
congestion. Obstruction of the bil4*ductH, although it 
may cause staining of the hepatic substance, is rarely 
such as to interfere with the passage of the bile into tlie 
intestine, and hence there is usually but little general 
jaundice. 

Phyalcdl characters . — The physical characters of the 
cirrhosed liver vary. In the earlier stages of the disease 
the organ is probably always more or leas increased in 
size; the enlargement being almost uniform, and the edge 
rounded lAid thickened. Iii some cases this enlargement 
is considerable, and there is but little subsequent atrophy 
and contraction, the organ being found large and com- 
paratively smooth after death. More comhionly, however, 
atrophy and contraction constitute marked features in the 
disease, and tlie liver is small, presenting an irregular 
nodular surface. ^ 

Respecting the causes of these differences iii the altera- 
tions which the liver undergoes as a consequence of the 
interlobular growth — we are at present unable to speak 
certainly. They probably, however, depend in great 
measure upon differences in the age of the growth, and 
in its distribution. In the large livers the growth is 
usually richly cellular and very generally distributed; 
whilst in tlie smaller nodular forms of cirrhosis it is 
commonly more fibrous and less cellular in character, 
and its distrilviition is more partial. It is probable that 
in the larger livers the growth is in an earlier stage ^ 
development, and that if the patient had lived, the organ 
would have diminished in size. When the growth is 
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irregularly distributed it nece^^sarily causes more irre- 
gularity in the configuration of the liver than when the 
.distribution is more uniform. 

The cirrhosed liver is always inci’cased in consistence. 
*It break® down less readily under the finger, and is often 
exceedingly firm and tough. On section, the new tissue 
is Tisiblc to the naked eye surrounding the lobules and 
in many parts comidetely replacing them. Tliia gives 
to the cut-surface a mottled granular appearance, the 
lobules themselves oontrasting with the new inlerlobular 
tissue; and this appeai'ancc is sometimes increased by 
fatty infiltration of the cells in the peripheral zone. The 
caj)sule also may be thickened, and the organ is frequently 
stained with bile. 

ACUTE YELLOW ATKOPHY. ^ 

This exceedingly rare disease of the liver is charac- 
terised by a rapid diminution in its size, and by destruc- 
tion of the hepatic cells. Tho organ may, in ^ho course 
of a few days, be reducctl to less than half its natural 
bulk, being especially diminished in thickness. It is soft 
and flabby in consistence, bloodless, and of a dull yellow 
or yellowisli-red colour. The lobules are indistinguish- 
able. When examined microscopically, tho liver-cells are 
found to be completely^ destroyed, being replaced by 
granular debris, fat granules, and pigment. Tyrosin 
and leucin have been found in the ^sintegrated liver- 
tissue. 

The pathology of this disease is exceedingly obscure. 
By some it has been regarded as an acute inflammatory 
process, by others as a passive degeneration. 



CHAPTER XXX3X. 

INFLAAtMATTON OF THE KIDNEY. 

Inflammatory processes in the kidney present certain 
variations according to their intensity. They comprise 
su^^umitioGt tnhfd, and interstitial nephritis. Of these, 
suppurative nejdiritis, as the name implies, is an intense 
inilammation leading to the formation of abscess. This 
usually results from the transmission of infective ma- 
terials from sofco primary lesion (pymmic), or it is asso- 
ciated with some inflammatory condition of the urinary 
passages. Tubal nephritis is also an inflammation of 
considerable intensity, and in it the structural changes 
have their priucipal seat in the tubular epithelium. 
Interstitial nephritis is an inflammatory process which 
runs a more chronic course, and is of les.s intensity than 
either of the prece<iing. Consequently in it the priucipal 
structural changes take place in the connective tissue 
around the blood-vessels — in the intertubular connective 
tissue. (See “ Chronic Inflammations.”) It must, how- 
ever, bo distinctly borne in mind that these two varieties 
of histological changes — ^those in the tubular epithelium 
and those in the iiitertubular connective tissue — are very 
constantly associated. Tubal and interstitial nephritis 
cannot therefore be separa^ from one another by any 
distinct line demarcation^ They might, perhaps, be 
more correctly designe^ted acute and chronic nephritis. 

, SUPPURATIVE NEPHRITIS, ' 

Acute inflammatory processes in the kidney attended^ 
by the formation of pus, give rise to renal ahseesses. Such 
processes, as already stated, are often infective in their 
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« naturt;, roRiiltiTig from the transmission of infective ma- 
teriijls froin some primary inllannnatory lesion, as in 
pyamiia; and they also oe^iur in connexion with inllam- 
niJitory conditions of tho urinary pUKSsagcs. In the latter 
"tlicy constitute what is commonly known as the “ Surgical 
Kidney.” 

The ahscosses met with in the kidney as the result of 
pyanuia arc* priiicipnlly confined to the cortex, and they 
resenihlo ])yjouiic aljscesses in other organs. 'J'hey are 
usually nuilliidc, and arc often surrounded by a thin zone 
uf red hyperjuniic tissue. Their characters will- be more 
fully described in the chapter on embolism. (See “ Kesultg 
ot Enil»olisrn.”) 

Si'iiOK VC Kidxey. — This is the name commonly given 
to Iborio iiiHammatory conditions of the kidney which 
rc-siilt {Voiu intlammation of the urinary jjassages. These 
renal iiillfimmations frequently occur in association with 
inilamnijitiuji of the j^elvis of the kidney, such as is pro- 
duced by a renal calculus; or with those inSkimmatory 
olianges i tho mucous membrane of the urinary tract 
which resu'i from vesical calculus, urethral stricture, or* 
ordargoiuont of the prostate. In addition to the in- 
tlamumt ioii of tho urinary passage there almost invariably 
exists iijipediiivmt to the escape of the urine. 

The changes which occur in the kidney vary. When 
the abiiorauil condition of the urinary passages has 
lasted for a iongthoned period it is exceedingly liable to 
give rise to chronic renal changes, which are charac- 
terised mainly by more or less cellular infiltration of the 
intertubnlar eonufetive tissue. (“ Interstitial Nephritis.”) 
This cellular infiltration occurs both in the pyramids 
and coytex. The tubules are^ some parts found blocked 
with iqnthelium, whilst in others they ifire wasted or 
obliterated. 'Ihc walls of the s&iall arteries arc- not 
fthickened. Owing to these changes, the kidneys— al- 
} though at first they may be enlarged — gradually beoomo 
■ diminished iu size, the atrophy being probafcly, in most 
partly due to the pressure exercised by the re- 
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tained urinary secretion. The capsule hecoi:ncs adherent 
and thickened, and when removed, the surface of the 
organ is found puckered and irregular. 

In other cases the process is much more acute, the 
cellular infiltration of the intertubular tissue is much 
more abundant, and the young cells (emigrants) accu- 
mulate in certain situations in such numbers as to give 
rise to abscesses. (Fig. 103.) The blocking of the tubes 


Fig. 103. 



Hargical Kidrieg. At tho lower part of the figure ia Ruon tlie 
cellular infiltration of the intertubul.ar tissue, and tlie blocking 
of the, tubes with epithelium and leucocytes. At tho upper 
part, there is the comiuonciiig formatiem or /m abscess, x luo. 

with epithelium is then more marked, and many of 
them are foi^d filled with the emigrant leuco<^tes. 
The kifeeys in such cases are usually ^larged, pale, 
andTsof t; andjjj^owish^hi^ j^various sizes 

are seen ^tlL. thjsnr cut-suiface. Many of these patclies 
have purulent centres. They are not commonly sur- 
round^ by a zone of red hypersemic .tissue, as in 

y2 
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pyiBmia. Yellowish lines and stria3 are also often seen 
exte.udinfy from the pajnlhc to the bases of the pyramids, 
’^rhis acute suppurative process may occur independently 
of the more chronic lesions. Much more commonly, 
however, it supervenes in kidneys which have already 
undergonfi more difl'use interstitial clianfjcs, and its super- 
vention appears not unfrctiuently to be determined by 
the performance ol: some surgical o])eration in connexion 
with the bladder or urethra. 

Respecting the pathology of tlicsc changes in the 
kidney - they undoubtedly result from the inJdammatory 
condition of the urinary passages, £ind the impediment 
to the cseaiK) of the urine with which they are associated. 
As to the uiauncr in which these conditions produce the 
ki<bu‘y chauges we are unable to speak certainly. The 
simple tension due to the urinary impediment is in itself 
siifiicient to cause interstitial changes. Du Dickinson 
helievos that in many cases the changes are due to the 
absorption of septic substances contained iti the urine.* 
According to Mr. Marcus Beck, retlex irritation of the 
kidney caused by injuries of the bladder from calculus, 
()pcrativc intorl'ereuce, &c., is often an important causative 
element. ♦ 

TUBAL ^"KPl^l^ns. 

p 

Tubal, parenchymatous, or acute nephritis is that sub- 
acute iiitlanunation of the kidney' which constitutes the 
more acute form of Bright’s disease — that form which is 
characterised by a more or less marked beginning, scanty 
and highly albuminous urine, and dropsy. In its more 
^idvanced stages it is the large kidney of chronic Bright’s 
disease. 

’Fhe changes which take place in the kidney have their 
seat the cortex. They comprise increased 

exudation into the urine tubesT^^d. 
■ swelling witK^probably, prohferation^ ortfieltn^^^ 

• Dbkiiison, on “ Disaemiuatod Suppumtion of the Kidney.'’ 
rae(^-Chir. Tra.ua, vol. Ivi. ^ ^ 
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egi tlieli iim. Tlic proniinence of the vascular plicnomena, 
however, varies very coiisideraLly in different cases. 

In the most acute cases of Bright’s disease — those 
which are induced suddenly from exposure to cold, the 
vuvscular cliauges are marted. In these cases the con- 
traction of the cutaneous vessels and the check to the 
function of the skin caused by the chilling of tlie sur- 
face, lead to considerable hypersemia of the organs. 
There is abundant exudation into the urine-tubes, many 
of the capillaries at the same time frequently rupture, 
and thus there is an escape of blood-corpuscles and of 
liquor sanguinis into the tubes of the cortex ; hence the 
blood and “blood-casts” in the urine which are So 
characteristic of the early stages of these most acute 
forms of the disease. In this stage the process may 
quickly sulj^ide, and, with the exception of some swelling 

Fig. leA 
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and desquamation of the tnbiiJar epithelium, no further 
alterations take place in the kidney. 

In the loss acute cas(is the vascular phenoniena a.re 
much less marked, and the principal chang^es^takcjdace 
in the tubular ex>ithelinm. The epithelial jjlcmentis be- 
come swollen and granuEin (Fig. K)4.j The granules, 
which are often so numerous as to occlude the nucleus of 
the coll, are soluble in acetic acid, and thus differ from 
molecular fat. This is tlie condition known as “ cloudy 
swelling.” Many small cells are also seen within the 
tubes, !ind tlie.so liavo been supposed to bo the products of 
opitludial proliferation. It is probable that some of them 
arse thus produced, although the majority must bo re- 
garded as luiving o.sca}>ed from the vessels. Owing to 
those chauges the tubes become distended with cellular 
eloiuoiits. (Fig. 105.) 

Fio. 105. 



TuJm! — *1 Shiffh: Tube. Showing tUo acou- 

nnilntu.n within thn tube. In tbo fuw t*pith.*liiil cells 
whioh have ia si’-fii the granular condition of tbo 

pi\)tojjJaMn. X 200. 


Ill addition to the cell- forms, many of the tubes also 
+ ivire commonly regarded 

as consisUng of coagulated substances twbich have es- 
icapcd from the vessels. By many pathologists, however, 
hyaline material ia sapj>osed to be the product of a 
or some allied, jmetanioi^ihosis of the epithelium. 
The cell-forms contained within the tubes adhere to £his 
hyaline substance, and some of’ them are washed awajT 
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and appear in the urine aa “ epitlielial casts.” A vary in 
number of emigrant leucocytes are also usually found 
around the Malpighian tufts, , 

The alterations which those changes produce in the 
jihysical characters of the kidneys vary according to the 
extent of the hyperaemia. The organs are always con- 
siderably increased in size, and more or less abnormally 
vascu lar. The capsule separates readily, exposing a per* 
fectly smooth^Tjut vascular surface. The consistence is 
diminished, the tissue breaking with a soft, friable frac- 
ture. On section, the increase 'in the size of the organ 
is seen to be principally due to the increased ihicknoss of 
the cortex. This is cither of a reddish-brown, or of an 
opacpie- white or pnhi bu/f colour ; these diffcrencos de- 
pending upon the relative proportion of blood and of acen- 
mnlated^intra-tubular elements. Although in the earliest 
stage of the most acute forms of the disease the colour is 
redder than natural, it usually soon hocomes palo and 
opaque. Tliis is owing to the Swelling of the epithelial 
elements and to the accumulation in the cortical tubes. 
The blood becomes expressed from the intortiibnhir 
vessels, and hence the incrcase4 vascularity is movst «.wi- 
dont in the ISIalpighian corpuscles, beneath the capsule, 
and ill the pyramidal portion of the organ. The Mal- 
pighian corpuscles stand out as prominout red points, 
and the pyramidal cones are of a deep reel colour, thus 
contrasting strongly with the pale opacpio coi-tox. 

The termination of the process viiries. The increased 
vaaoularity. and epithelial change may, as already stated, 
subside, and the inflammatory products passfng away in 
the urine, the organ gvadualjy return to its normal condi-^ 
tion. In oyier cases the disease continues ; and although 
the vascularity dininishes, the vitality of the epithelial 
elements Ibecomes so much impaired that they undergo 
retrogressive changes. The cells tJien continue to come 
away with the urine, adherent to the casts, but instead 
of presenting the swelled granular^ appearance as in the 
earlier stage of the disease, they contain molecular fat. 
This fat gradually increases in amount as the degenera* 
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•tiou proceeds, until ultimately the cells are destroyed, 
and it appears as free molecules and granules on the 
tu]>c-caRts. 

TTiis fatty degeneration of the epithelium is attended 
hy corresponding changes in the appearance of the organ. 
The redness <iiniiui8hes, and the Malpighian corpuscles 
ure less prominent. The enlarged cortex presents a 
uniform yellowish- white tinge, studded with minute 
yellowish streaks. This is owitig to the presence of fat in 
the tubes of the cortex. This fatty stage, if only slightly 
advanced, may undoubtedly pass off. The degenerated 
cells arc carried away by the urine, from those which 
remain in the tubes the fat is probably partially absorbed, 
the retrograde process gradually ceases, and the organ 
returns to nearly its normal size and condition. In other 
oases tluj degeneration continues, and owing to the loss 
of epithelium the kidney becomes somewhat diminished 
ill size. This atroi>hy, nowever, I believe nev/ir occurs 
without changes in the intcrtubular ttonnective tissue. 

When the iuliammatory process is of longer duration, 
or when tlic kidneys arc the scats of repeated attacks of 
siil)-acute iiiOammation, the intertubular connective tissue 
invariably becomes involved. This tissue becomes mfil- 
t, rated with small cells which ultimately tend to form a 
fibril lated structure. (See Fig. lOG.) The new inter- 
tubular growth may gradually increase, and so lead to 
more or le^s irregular atrophy of the organ, such as will 
be described ;is occurring in interstitial nephritis. (See 

Interstitial Nephritis.”) In other cases death ensues 
before any maTk(!d atrojiby has taken place, and thus the 
organ may remain smooth and large to the termination of 
the disease. The intertubular growth is sohie^imes found 
thickly studilod with fatty granules. . 

Sc; A 'UiATiN AL N ECU KiTis. — The changes which take place 
in the kidney in scarlatina have usually been regarded as 
precisely similar to those which have been just described 
as tubal nephritis. Hecent investigations, however, show 
that this view requires considerable modification. It has 
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long been known that cases of scarlatina somctinies occur' 
in wliich the kidney change diftera from the type of ordi- 
nary acute ncidiritis ; but it is only during the past year, 
owing to the researches of Dr. Klein, thri# any exact know- 
ledge of the scarlatinal kidney has existed.* The changes 
as described by Dr. Klein may be thus brieHy summa- 
riseil : — 

The earliest changes — those occurring during the first 
week of the disease— comprise : — 

1. Increase of the nuclei covering the glomeruli of the 
Malpighian corpuscles. 

2. Hyaline degeneration of the clastic intima of ininnte 
arteries, especially of the afferent arterioles of tlie IVtal- 
pighian corpuscles. This change produces a swelling of 
the intima, so as in some places to cause a distinct nar- 
rowing of the lumen of the vessel. The capillaries of the 
Malpighian corpuscles are in 2 )arts altered in the same 
way, in ijopsc(pience of which many of them become im- 
permeable. 

' These marked and early changes in the Malpighian 
corpuscles are interesting, as helping to exjdaiii those 
cases which are occasionally met with, in which deatli 
occurs from anuria and unomia, and^no catarrhal or other 
conspicuous alterations are found in the kidneys. 

3. Multiplication of the nuclei of the muscular coat of 
the minute arteries, and a corresponding increase in the 
thickness of the Walls of these vessels. 

4. Cloudy swelling of the epithelium in the couvoluted 
tubes, with multiplication of the epithelial nuclei. Gra- 
nular matter and even blood may also bo found in the 
tubes, and in the cavity of Bowman’s capsules. These 
parenchymatous changes are in the early stages of the 
disease but little mai-ked. 

^ The later changes — those occurring after the first 
week, consist m ; — 

• “Tbe Anatomical Changes of the Kidney and othor Organs in 
Scarlatina of Man,” by J3r. Klein. — Trans. P(^h. Hoc. Urnid.., 1877. 
Vol. xxviii. 
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T). A cellular infiltration of tlie intcrtnbular connective 
tissue of tlie cortex (interstitial nepliritis), together 'with 
an increase in the epithelial changes, and a crowding of 
the tubes with Iftfnall round cells (leucocytes). The cel- 
lular infiltration commences around ^the larger vascular 
trunks, whence it spreads rapidly into the bases of the 
pyramids, and especially into the cortex; As it increases 
the epithelium uTidergoes fatty degeneration, and the 
urine-tubes gradually become obliterated. 


INTERSTITIAL NJ3P11E1TIS. 

Interstitial or cbronic n(;phritis, or, as it iwSi sometimes 
callL*d, griiuiihir deg(meration of the kidney, is that more 
cbrcuiic ohango which occurs in the most’ chronic form of 
Hright’s disease — chronic Bright’s disease with contracted 
kidney. The process, like the corresponding one in the 
liver, is characterised by a gradual increase <^f the con- 
nc(;tivo tisfiue of the organ, and by atrophy of the tubal 
structures. Sometimes, as has been seen, this is merely • 
ail advaiKod stage of tubal nephritis. ]\Joro commonly, 
bowevcT, tlie luocoss appeal's to be very chronic from its 
coinmeucemcnt, and mot to bo preceded by any marked 
vascular ]dienoinena or by any active changes in the 
tubular epithelium. 

T’lu* first change in the kidney appears to consist in a 
cellular infiltration of the intertubularif connective tissue. 
Th the earliest stages of the process this tissue becomes' 
infiltrated with small round cells. (Fig. 106.) If the 
growth is rapid, these may be exceedingly numerous, and 
the intercellular substance soft and amorphous. Usually, 
b->wever, the process is much slower and rijore insidious, 
the cells are not numerous, and the itiew tissue is more or 
less developed into a fibrillated structure. This is the 
condition in which it is usually met with. *These changes 
are almost entirely limited .tp^ the cpxticaljoortion of the 
kidiiey;j and although here they are more or less general, 
the new groirth is more abundant in some parte than in 
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others, being usually most so around the Malpighiab 
bodies arid in the neighbourhood of the capsule, with 
which it is closely united. In this stage the tubes and 
their epithelium arfe unalfected. ^ 

Fig. 106, 



Inti'Tstltinl AV/)/iPi7/.9. Tiro (*arli<*r stfrj?o of Iho process. 
Sliowitif^ tho cellular infiltmtioii of th»' iiilorf ul«ilar cuu- 
iicotive tissue. Tiro eiritlieliuiu lias fiilloii out of some of 
the tubes during the prepamtiou of the sreetion. x 200, 

In this early stage, the kidriey may ho somewhat in- 
creased in s|ze, th e cap sule usually separates less readily 
iHarrm "health, and th^surfhQC of .the organ is slightly 
g rann lar. On section, the cortical substance is in some 
cases paler, in others redder than natural. The eitt-«nr- 
face also Iq^ks obscurely granular. Tlie M alpighian bodies 
stand out as red points, and the b ases of th e pyramids and 
surface^of the organ are sometinies. hypennmic. The con- 
sistei^e of * the^ kidney is usually , slightly denser and 
tou rer t han natural. This, however, will vary with tTie 
cltaraoler of the new growth, as will also the increase in size 
and the irregularity of the surface. If the new tissue is 
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slowly developed, the size will he but little increased, 
whereas the increase iu consistence and the granular con- 
dition will be more marked. It’, on the other hand, the 
process be more rapid, and the cellular infiltration more 
abiindmit, there will be a greater increase in the size, the 
graiiulcar character will be slight, and the consialenco may 
be even softer than nalTiral. 

The second stage in the process is characterised by^ the 
atropliy of , the _ tubular structures. This iS‘ probably 
mainly owing to the pressure exercised by theintertubular 
growth, and to the cicatricial contraction which it often 
imdiTgoes. The atrophy consequently is not uniform, hut 
is move marked in some pai-ts than in others. The tubes 
a, re now ibund in many parts diminished in size,' or com- 
pletely oblli crated ; whilst in others they are irregularly 


Fio. 107. 



Inierantifil Isypfiritijf. An advanced stage of the process, 
the inh'rtiibular tiKsne with the granular and fatty 
d<^bris which result from tlw dogenoration. x 100. 


dilated, and filled with degenerated epithelial products. 
Tlieir walL^: are usually thickened. As the atrophy pro- 
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ceeds the intertubiilar tisHiie thus becomes mingled witji 
the granular and fatty debris which results from the 
retrograde process. ' (Fig. 107.) The Malpighian bodies 
become approximated, and the secreting structure through- 
out large tracts of the kidney is destroyed. (Fig. 1(J8.) 



Interstitial Nephritw. A very advanced stage uf tlic proress. 
Showing the largo ainonut of tissue between the tubes of tlu' 
cortex, and the extensive alr(»idiy of the tubes. Th(^ degem*- 
rated epithelium wliich was contained in sonic of tho tubos has 
fallen out in the preparation of the section, x 50. 

The irregular pressure exercised by the new growth also 
gives rise to the formation of cysts. These originate 
partly in the Malpighian capsules, and partly in tho 
urine tubes — ^the latter becoming irregularly dilated. 

The smalX artcries^^ kidney also undergo irn- 

portanf alterations. These were first described by Dr. 
Johnson. ^Dr. Johnson states that tho walls of these 
vessels are thickened, owing to ^pjei^rophy of their 
longitudinal and circulat; muscular fibres. This change is 
well represented in the accompanying drawing. (Fig. 109.) 
Both the internal longitudinal and the extei nal circular 
muscular fibres are considerably increased. The external 
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HbroiiH coat, of tlic vess.?! is also tliicljene<l, and it appears 
to be coutiunous with the new intertiibular tissue. This 
thickening of the external coat has been csjjecially in- 


Fio. 1(R). 



from contraofeil KiUnry qf a^lrmccd Cltrooic Jitighfs 
Dhroisi'. a, Louj^itndinal sectio)), showw^ tbo gr \’it thickeuwg 
of tho infrnml iorigifiidhial ami oxtorml circnlflr imisculiu* (nmts, 
aV^l) »t\' \\u'*vuU‘r libroiis coat. fc. Transverse soct on oftmolbcr 
vessel Ii .s.s Here is seen tUc thiekeuii of Uu cir- 

culfii’ nnus<‘nliir lunl (‘xtevnal fibrous coat, x 200. 

sistoil by Sir W. and Dr. Sutton. J have 
usmilly tound it associated with the muscular hypertrophy, 
althoiij^h tlio latter is undoubtedly the most prominent 
.structural chiinge. 

.In this more advanced stage of the disease the kidney 
is dimiul.sh(Hl in size. Its surface is more granular, the 
capsule more lidokeued aud"adhoreiit, and it cannot be 
ronioved witlioiii tearing the kidney substance. The 
su]*ei*fidal vessels are seen unduly marked in the depres- 
sions l>ctwcen the granulations. The cortex is tough and 
fibrSus, of a reddish, yeUowish-grey, ov bp„ff colour” net- 
tled uiMi yoHow streaks and patches; aw4._nsijfel}y nume- 
rous suiall cysts are diatribqtt^ thrdughb uU ^ CHalcSVous 
deposits are also often seen as white str^kTi^etween the 
tubes of the pyramids. 
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INFLAMMATION OP TILE BRAIN AND 
SPINAL CORD. 

Infi.amjiat(3Iiy proccssehj ’iu tlio iiervouH centres arc pro- 
bably much less frequent than was formerly su]'vposciL 
iMany of those morbid changes in the hiuin and spinsil 
coni wliicli are attended by softening, and winch were at 
one tiiiKj regarded as the result of intiammatioii, arc now 
known to owe their origin to simple interference with tho 
vascular supply, such as results from tlirombosis, embo- 
lism. or degenerative changes in tho walls of tlie blood- 
vessels. “ Fatty Degeneration of the Brain.”) 

Tho injury which determines the occurrence* of acute 
inlhnnmaiious in the bi’ain or cord is most frequently 
some external violence — a blow, simple coticussion, or 
fracture of the osseous framework. In other cases it is 
diseased hone, as in the iutlamiuation of the brain which 
so often results from disease of the petr<3UH I'Kjvtion of tho 
temporal bone. Lastly, in a comparatively few number 
of cases these inflammations are pyaimic. 

The iiillammatory process is almost invariably limited 
to small portions of the cerebral or s)^inal substance. Tlie 
earliest change consists in a 'more or less intense and 
localised hypermmia, which is frequently attended by 
rupture and minute extravasations of blood. Tho n ervous 
tissue then 4&ecoraea infiltrated with young colls and con- 
siderably softened, 'and it presents a uniform red or 
mottled colour. This red softened tissue gradually ac- 
quires a brownish or brownish-yellow colour owing to 
changes in the haemoglobin. The nerve-fibres become 
disintegrated, and the nerve-cells and cells of the neu- 
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roglia undergo fatty degeneration, thus forming the so- 
called “ inflammatory,” or “ exudation corpuscles,? (See 

I'ig. 11.) 

In many cases the accumulation of young cells is 
sufficient to give rise to the formation of an abscess, and 
a yellowish or reddish purulent liquid gradually takes the 
place of the original softened mass. The tissue sur- 
rounding the abscess is also hypera?mic, softened, and 
infiltrated with colls. The cellular infiltration may 
gradually extend, and thus the abscess increase in si^e 
until it opens either externally or into the ventricles. In 
other cases tlie abscess becomes limited and encapsulcd 
by the. formation of connective tissue from the neuroglia, 
and this tissue often forms a delicate network traversing 
1h(! cavity. V\"hcn the products of these acute inflamma- 
tions have thus become encapsulcd they may gradually 
dry xip into caseous or calcareous masses, or the absorp- 
tion may be more complete, so as to leave little more than 
a cicatrix, lies pcoting the source from which ithe young 
cells are derived — they are probably entirely emigrants. 
The lu'-rvc-cclls themselves, and the cells of tlie neu- 
roglia, nppoar to undergo no active changes in in- 
lUinimatiou. 

{Suppurative inflammations are much more common in 
the brain than iji the spinal cord. In the latter the 
inflauuiiatory process is rarely of sufficient intensity to 
luHxluco 4bso<|}s ; it causes merely softening of the nervous 
ti.Msue, ayd, Aviieii not secondary to a meningitisi" usually 
involves primarily and principally the central grey 
matter (uiyMitis). 

iNFLiVTtfMATOllY SoFTENlNG OP TIPB BrAIN AND OORD.— 
Conditions (>f softouing of the cerebral or spinal sub- 
stance resulting from inflammation, other 'Hhan those 
which have been above described, probably rarely occur 
as ^primary lesions. Most varieties of sof^ning which 
were formerly described as inflammatory — either from 
the red colour of the softened tissue or from tlie acute- 
ness of the process— result, as already stated, ftom 
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thrombosis or embolism (see Embolism in the Brain*’),* 
or are simply passive degenerative changes in which more 
or less t'xtravasation of blood has taken place into the 
softened tissue. (See “ Fatty Degeneration of the Brain.”) 
InH.animation and consotpient softening of the nervous 
tissue, however, sometimes occurs as a secondary process. 
It takes place especially ai-ound clots of blood or other 
morbid products within the brain or spinal cord, and 
resuli.s from the injurious influence which these sub- 
stances e.veTcis*^ upon the immediately adjacent structures. 
^Sueli a result is not un frequent in cases of cerebral 
lueuiorrluigc. The nerve-tissue immediately surrounding 
the clot becomes the seat of an inllu-rnmatory j)rocoss, 
and it is found after death 8 ol'leTU*d, liyj^eraiinic, aud 
iuliltraleil with young cells. Inflammation of the 
superficial portions of the cerebral aud spinal substance 
may also occur as the result of meningitis. 

SCLEROSIS OF THE ERAIN AND SlUNAL CORP. 

The term “sclerosis” is applied to certain changes in 
the nervous centres which are characterised by an increase 
of the connective tissue (neuroglia), and by atrophy 
and degeneration of the proper nervous eloments. *J’h(3 
affected portions are, for the- most part, increased in 
consistence; sometimes, however, they are softer tlian 
natural. They arc usually of a greyish colour; hciiec 
the change has been called “grey degeneration.** fl’hc 
grey colour appears to depend upon the loss of ’the white* 
sheath of the nerve-fibres. 

Res])ccting the nature of the change — it is probahly iii 
many cases tljp result of a chronic inflammatory process, 
the new growth of cennective tissue leading to the de- 
sf ruction of the nerve-elements. In other cases, however, 
the atrophy of*the nerve-tissue a2)pear.s to precede the 
interstitial increase, so that the x)rocess would rather be 
regarded as a passive degeneration. This is probably 
the case in the secondary degenerations of the cord. 

z 



338 


INFLAMMATION OF THE BEATN. 


* When the diseased poHious of the brain and cord are 
examined microscopically, the cut ends of the ucrvc- 
fibrcs arc seen in transverse sections to be separated by a 
granular, finely nucleated, and often partially fibrillated 
tissue, which evidently originates from the neuroglia. 
(Fig. llt‘,) The nerve*fibres themselves are atrophied, 


Fm. Ito. 



Sciorofth of Spinal Cord. From a case of Pro- 
gressive M uscular Atrophy. A traosverso s(‘Clion, 

Allowing tlie new tissue between tU© cut ends of 
the nerve-liln-<*s. x 200. ♦ 

and more or less fatty debris is found in the altered 
ti.ssuc. la many cases the nucleated character of the 
intorsiitiiil growth is wanting. The walls of the blood- 
vessels arc also stated to be thickened, and their nuclei 
to be increased. 

Sclerosis is more common in the spinal cord than in 
the brain. In the latter it occurs most frequently as small 
patches of induration limited to certain portions of the 
brain. Tlic.-^o must be distinguished from the cicatrices 
left after tbe absorption of blood or of inflammatory 
products. Sclerosis of the cord may ,^u the same way be 
Realised and more or less disseminated ; more commonly, 
however, it implicates only particular nerv<^U8 tracts. It 
occurs thus in the posterior columns of tbe cord in loco- 
motor ataxy, and in the anterior cornua in progressive 
muscular atrophy, &c. In the localised ailtt dissenjinatod 
forms of sclerosis the cellular character of the new growth 
is much more marked than it is in the simple uniform 
sclerosis which involves particular nerve*tracts. 


CHAPTER XLI. 

INFLxi^IMATION OF THE LUNGS. 

Tx tlie lunga, inflainmatory processes comprise the three 
principal varieties : — Croupous^ hroyicho- or 
mtarrhal, and chronic or mterstUlal pneumonia. Of 
these, the former occurs as an independent aficction, 
whereas the two latter are nsually the result of some 
antecedent bronchial or pulmonai'y inflammation. 

• CaoXTPOUS PNEUMONIA. 

Croupous, exudative, or l>ohaT pneumonia, is that form 
of pulmonary iudainination which is met with in the 
disease known as acute primary pneumonia. This is 
now regarded as a tjmeral disease of which the pneu- 
monic consolidation is the prominent local lesion. 

The local process is characterised by intense inflam- 
matory hyperaeinia of the lung, and by the exudation of 
a large, amount of coagulable material into the pulmonary 
tissue. It is termed “ croupou.s” by the Germans, from 
the supposed resemblance of the histological process to 
that of croup. The term ” lobar^' is applied to it because 
it almost invariably affects an extensive poi'tion of t]|e 
lung. The ijrocess is commonly described as consisting 
of three stages— I st^ that of engorgement; 2nd, that of 
red hspgdization ; and 3rd, that of grey hepatization. 

In the first Stage, that of engorgement, the lung becomes^ 
exceedingly vase^r, the changes in the bloml-vessels and 
circulation being such as have been already described SfS 
characteristic of indammation. The organ is of a dhde 

r 2 
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*re(i colour, its specific gravity and absolute weight are 
increased, its elasticity is diminished, it is less crepitant 
and more iriable than mituraJ, and pits upon pressure. 
Its cut surface yields a reddish, frothy, tenacious liquid. 

Fig. 111. 



CrouiMus Pwrvwtww— A»c<i HrpnflmtUm, Showinsf the 
Jibnnona roa^nilujii iu oue of tJie pulmonary alveoli on- 
closiLifr wiiliin its iiu'sJk's numerous leucocytes, wliicii are 
already conimcnciuK to undcigo fatty mehiuiorphosis. i 
few ienciH'j tos are also seen on the alveolar walls, and thi 
al)feohir epithelium is swoU 0 n.,aad giuiiulai’. x 20U 
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In the second stage, that of red hepofimiio}ui]\erc is an* 
exudfition of liquor sanguinis ami migration of blood - 
corpii^clcs into tlu^ pulmonary tissue. Some of the vessels 
may also rupture, and thus small oxt^asmsations occur. 
The exuded liquids copulate within the air-vesicles and 
terminal bronchioles, the coagulum enclosing numerous 
white and some red blood-corpusclos. (h"ig. 111.) It is 
stated by some German pathologists that the coagulum 
is in part produced by certain changes in the c])itholiuin 
like those believed to occur in croup. (See Croupous 
Inllamraation of Mucous Membranes.”) The lung is 
now much heavier than in the preceding stage, and is 
increaaotf in si/e, so as to be often marked by the ribs. 
It is quite sqlhl, sinks in water, iuid cannot be artificially 
inflated. It does not crepitate under the fingers, but is 
remarkably fi:iaUle, breidcing down readily with a soft 
granular fracture. The cut surface has a markedly 
granular j.ppearance, seen especially when the tissue is 
torn, fl'his is owing to the plugs of coagulated exudation 
matter which fill the alveoli. I’ho colour is of a dark 
reddish-brown, often' here and there parsing into grey. 
Tins admixture with grey sometimes gives a marbled 
appearance- Throughout this stage there a]>pcars to bo 
but little alteration either in the alveolar walls or in the 
alveolar epithelium. On the former are often seen a few 
leucocytes, and the latter is usually swollen and granular. 
(JbMg. ill.) The pleura covering the solid lung always 
participates more or less in the inflammatory process. It 
is opaque, hypera?mic, and coated with lymj)h. 

The third stage, that of (jrey hepatization, is charac- 
terised by a continuance in the emigration 'of leiicocytirs, 
and by cel^proliferation^ The white bh)od'Corpusch*s 
^centinue to escape f-om the vessels, and thus their num- 
ber within the alveoli gradually increases. The epithelial 
cells lining flie alveolar walls, which were only swollen 
and granular in the earlier stage of the process, now 
undergo more active changes. Their nuclei enlarge and 
multiply, and ultimately numerous new ceUs are produced. 
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The pulmonary alveoli thus become (X)mpletoly filled with 
young cell-forms, so that the fibrinous exudation is no 
longer visible as an independent material, as it is in the 
stage of red hepatization. (See Fig. 111.) The fibrinous 
material now disintegrates, and the young cells rapidly 
undergo retrogressive fatty changes, so that, as usually 
seen, the alveoli are filled with granular elements, which 
in many parts have lost their distinctive outlines. 
(Fig. 112.) The Jilveolar walls themselves, with few 


Pig. 112. 



Croujxtm Pneummkb — Oreff Hepatization, Showing the 
large accumulation of cellular elements within ouo of the 
pulmonary ulveoli, wf^icli in some pails havq^ undergone 
sucli extensive fatty degenemtion that their'* distinctive 
outlines are no longer visible, x 200. 

exceptions, remain throughout the process unaltered, 
although occasioiudly when this sta^ is unusually 
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advanced, they may be found, here and there, partially 
destroyed. The weight, density, and friability of the 
lung now become even greater than in the stage of red 
hepatization, although the granular aspect of tho cut 
surface is much less marked. The tissue is now quite 
soft and pulpy, aUj^ a puriform liquid exudes from its cut 
surface. The most promineu^feature, however, is tho 
alteration which takes place in the colour of the organ. 
This gradually changes from a dark reddish-brown to a 
grey or yellowish-white. This is owing partly to the 
pressure exercised upon the blood-vessels by the exuded 
substances and newly formed cells, and partly to tho 
fatty degeneration which the latter have undergo iie. 
The stage of grey hepatization when far advanced has 
been termed suppuration of the lung. 

Although these three stages of the pneumonic process 
have been describtHl as succeeding one another in orderly 
succession, it must be remembered that each stage does 
not occur simultaneously throughout the wliole of the 
affected area of tho lung. The changes advan(;e irregularly, 
so that whilst one portion of tho lung is in the stage of 
red hepatization, another may be in tho grey stage— 
hence tho mottled marbled appearance of the consolida- 
tion. The rapidity with which tho several stages succeed 
one another is also subject to marked variations. In 
some cases the pneumonic consolidation very rapidly 
becomes grey, whilst in others the time occupied in the 
transition is much longer. 

The pneumonic process may terminate in the four fol- 
lowing ways : — 

1st. In Itesolution . — The gradual return of the lun^ to 
its normal^ondition is the natural and much the most fre- 
quent termination, of croupous pneumonia. This is 
effected by tho fatty^ifeiud^^raucoid degeneration of the in- 
llammatory*prodiict8 which have accumulated within the 
alveoli, which thus become so altered that they can be 
removed by absorption. Granular pigment is also mixed 
with the softened matters and ai^peara in the expeeto- 
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ration. This is probably partly derived from the extra- 
vasatod blood, and is partly that which normally exists in 
the interlobular connective tissue. Where this process of 
licpicfactiou and disintegration is taking place in the 
hiiig the granular appearance. of its cut surface is com- 
pletely lost. It is of a yellowish-grey colour, and a. 
tenacious puriform liquid can be expressed from its sub- 
stance. As the softened matters become absorbed, the 
circulation is gradually restored, and the organ ultimately 
attains its normal characters. 

2nd. In Ahserss . — The formation of an abscess is a very 
rare result of simple pneumonia. Such a result appears to 
be favoured by a bad constitution, and by any circum- 
8ta,nces which tend to impair tho general health cither 
before or during tlic disease. The abscess is more com- 
mon in tlie upper tbah in the lower lobes. Circumscribed 
gangrene of the lung may also occasionally terminate in 
abscess. This takes place by the evacuation of the gan- 
grenous tissue through the bronchi, and the fofVnation of 
a pyogenic mcnihrane from thd walls of the cavity, which 
generates pus. The cavity may ultimately close by granu- 
lation and cicatrization. These abscesses of primary 
origin are usually single, and thus differ from those due 
to pyiemia. 

Ilrd. Li Gangrene , — Almost as rare as the preceding 
is the occurrenco of gangrene. This is most common in 
chronic drunkards and in those of debilitated constitution. 
Two conditions appear to be principally concerned in 
bringitig about this result : — one is the interference with 
the supply of blood by the extensive formation of coa- 
*gula in the pulmonary and bronchial vessels, together 
1 wilfh considerable hmmorrbage into the pulmonary tissue ; 
! the other is the septic influence of allured inhammatory 
jproducts. The gangrene is usually limited to a small 
area of the pneumonic lung, and is either diffuse or limited 
by a zone of inflamed tissue. 

4»th. In Ghronie Fnemnonia . — If the inflammatory pro- 
cess does not subside and the exuded substances ar^ not 
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absorbed, tbe alveolar walls gradually become involved.- 
These become tliickened by a new growth of fibro-nu- 
cleatod tissue, and, thus is produced more or less fibroid 
induration of the organ. (See “Interstitial rneiinionia”) 
This termination of croupous pneumonia is corapurativ(3ly 
rare. 

A croupous pneumonia plays ^ prominent part in some 
cases of pulmonar^f phthisis. (See “ Pulmonary Phthisis.”) 


BiiONcrro- OR cataurual pxkumonia. 

Ttrouclio-, eofnrrhalt or lobular pneumonia is inflam- 
mation of the lungd issue associated with, and usually 
socomlary to, indamn.ation of the bronchial mucous 
menihrano. In the earlier stage, the pulmonary iiillam- 
mation is (50mmonly limited to scattered groups of air- 
vesicles, hence the term lobular which is applied to it. 
As the process proceeds, the inliamniatory nodules may 
gradually coalesce, so as to produce larger tracjts of con- 
solidalion. The iiiflarmnatoi’y products which fill the 
alveoli consist principally of cells derived from the epithe- 
lium of the alveoli and from the bronchial mucous mem- 
brane; exudation and emigration jday a much leas pro- 
minent part in tbe process than they do in croupf>us 
pneumonia. Owing to Ibis preponderance of epitlielial 
products, and to the association of the pulmonary with 
the bronchial inflammation, the process has been termed 
catarrhal pneiimoiua. 

Pathology. — The pneumonic jiroccss, as already stated, 
is invariably associated Tvith bronchial catarrh. In some 
cases, it Avonld appear that the injury which produ<j^s 
the bronchial inflammation produces at the same time 
inflammation of the air- vesicles, but much more fre- 
quently tbe bronchitis precedes the piunanonia, and 
gives rise to*it in a manner to be hereafter described. 
Whatever caiises inflammation of the bronchial mucous 
membrane may thus be a /jause of broncho-pneumonia. 
Simple broncMtis, especially in childhood and old age. 



846 


INFLAMMATION OP THE LUNGS. 


and also tlie specific bronchitis associated with measles 
and hooping-cough, are the most frequent precursors of 
the disease. All conditions which t(?nd to impair the 
general health favour the occurrence of the pneumonia. 
They do so by rendering the bronchial mucous membrane 
abnormally liable to become inflamed, and also by dimi- 
nishing the power of the respiratory muscles, and thus 
aiding in the production of pulmonary^ collapse. 

Inflammation of the bronchial mucous membrane may 
give rise to bronclio-pueiimonia in two ways : — 1st, by 
causing in the first place collapse of the lung-tissue ; and 
2ud, by the direct extension of the inflammation from 
the bronchi to the air-vesiclcs. The pneumonic process 
being the result of the bronchitis, almost invariably 
involves both lungs. , 

1. Broncho-]? mumonla comomtioo to Collapse. — Col- 
lapse of the lung-tissue greatly favours the occurrence 
of broncho-pneumonia, and usually the pnemnonic pro- 
cess is principally confined to those portions of the lung 
in which collapse has taken place. There are two 
circumstances principally concerned in the production of 
the collapse which is consecutive to bronchitis —the 
narrowing of the bronchial tubes, and the weakness of 
the inspiratory power. The collapse thus induced is 
especially frec|ucnt in the posterior and inferior portions 
of the lungs— those portions in which normally the 
inflation of the lung is least complete. Commencing 
here, the process may gradually extend upwards till large 
areas of the lungs become involved. In other cases, 
owing to a more irregular distribution of the bronchial 
oJ?atructioii, the collapse is limited to small isolated 
portions of the lung. Those portions vary in size from 
a hemp-seed to a walnut. They ace commonly more or 
less wedge-shaped, with their apices toward the bronchus 
with which they communicate, and the lung-tissue around 
them usually presents various degrees of congestion and 
emphysema. 

The tendency of the pneumonic pro^eks to occur in 
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tbe collapsed portions of the lun^ is duo partly to the • 
hyperiemia which is induced by the collapse, and partly 
to the irritation of inhaled bronchial secretion. Collapse 
of the lung-tissue invariably induces more or less conges- 
tion. This is owing to the absence of the expansion and 
contraction of the air-vcsicles which normally aid the 
pulmonary circulation, and also to the impedinieut to the 
blood-how resulting from imperfect aeration. This con- 
gestion is quickly followed by oedema, and the bluish- 
purple collapsed portions of the lung become darker in 
colour, less resistant, and more friable in consistence. 
In lung-tissue thus altered a quasi-inllammatory process 
characterised mainly by epithelial activity is prone to 
supervene. 

Another circumstance which often appears to play a 
prominent pari in the causation of the pneumonic process, 
is the presence within the alveoli of the inflammatory 
products of the bronchial mucous membrane. These 
products are frequently found in scattered groups of 
air-veaicles, and they arc evidently inhaled. (See Fig. 113.) 
They arc found both in the air-containing and in the 
collapsed portions of the lung, but especially in the latter, 
the presence of collapse necessarily interfering with their 
removaf by expectoration or absorption. These inhaled 
products are often found filling small groups of alveoli 
without any evidance of snVseiimnt injlamtnaiion, and 
there can be no doubt that many of the patches of con- 
solidation which are usually described as pneumonic aro 
really non -inflammatory in Jtheir nature, and are thus 
produced. At the same time, owing to the irritation of 
the inhaled secretion, it tends to induce* inflaminat^p-y 
changes within the alveoli, and these changes are fre- 
quently largely owi-ig to its presence, 

2. Broncho-p7ieummiia independent of Gollajm. — Al- 
thongl^ the j^neumonic process is usually consecutive to 
collapse, it may occur independently. This may be owing 
either to the direct extension of the inflammation from the 
bronchi to the shr-voaicles, or to the influence of inhaled 
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inflamniatoTy products. In other cases, it is possible that 
the injury which causes the bronchius causes at the same 
time intiammation of the pulmonary alveoli. 

Histology, &c. — The appearances presented by the 
lungs after death vary. The bronchi are always more or 
less inliamed, and contain thick mucus. The lung-tissue 
exhibits, associated in various degrees, collapse, conges- 
tion, fodema, emi)hy.sema, and pneumonic consolidation. 
The bluish, non -crepitant, depressed portions of collapse, 
which become darker and more friable with age, are 
usually most abundant in the lower lobes and margins 
of the lungs. The collapse sometimes involves the whole 
of one lobe, but more commonly it is limited to smaller 
areas. When scattered and limited in its distribution, 
there is usually more or loss emphysema of the in- 
tervening portions of the lung. 

'rhose i)ortions of the lung in which the pneumonic 
process has sui^erveiied most commonly appear as scat- 
tered nodules of consolidation, varying in size from a 
small pc‘a to a hazel-nut. These are ill -defined, and 
pass insensibly into the surrounding tissue, which is 
vanously altered by congestion, collapse, and emphysema. 
They are of a reddish-grey colour, slightly elevated, 
smooth, or very faintly granular, and soft and friable in 
coll;^istell(;e. As they increase in size they may become 
confiuont. In a nuire advanced stage, the nodular and 
more dilTu^i) consolidation becomes paler, firmer, drier, 
and somewhat resembles in appearance ordinary grey 
hepjitization. 

AVhen examiued microscopically, this consolidation is 
seen to consist of au accumulation within the alveoli of a 
gelatinous mucoid-looking substance, smaU cells re- 
sembling leucocytes, and epithelial elements. In many 
cases much of this accumulation is precisely similar to 
that contained in the smaller bronchi, and it is evidently 
tfee infiammatory and richly cellular feonchial secretion 
emplh has been inhaled. (Fig. 113.) At the same time it 

The ho highest degree probable that it^ is often partly 
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the result of exudation and emigration from the pul- 
monary ca])illaries ; for, as shown by Cohuheira, blood- 
stasis so injures the walls of the blood-vessels that 

Eio. 113. 



firtwcho-Piimrmmla. Fr»»m a cliiM, ap:i*d f(nir, willi <‘fiy)ill.'ny 
A of ojio uf th.‘ of roD.ioliiiatiM]!. 

Sliosviiiji: th<‘ slufriuf? of tlio alveoli Avith what {ii>pc*ars iu the 
main to be iniialed brouchial aeertitioi*. x 2<)U, 

the blood-cfupiiscles and liquor sanguinis readily ])cr- 
meiite tlioiii. (See “.Embolism/’) Associalod with this 
material are largo epithelial oJements, the otfspriug 
of the alveolar epithelium. I'hcsii vary considerably in 
number. In some cases, and in some portions of the 
consolidation, they may be very few, whilst iu others 
they may constitute the predominant change, (Fig. 114 .) 
These diiferenccs probably depend upon la^w far the 
inhalation of lironchial secretion constitutes a part of 
the process. * • 

The subsSpient changes which take place in the lungs 
vary. When the disease does not end in death, resolu- 
tion is the liiost common termination. The contents 
of tfie alveoli undergo fatty metamorphosis, and are re- 
moved by expectoration and absorption, the lung gra- 
dually regainii^ its normal character. This process, 




Catarrhal Piirnmnnia. Trom a cfise of acato 
phtliisis. Stiowiiip: the large epithelial colls 
^vhi(;ll till the alveoli, x 2U0. 


that some tliickcninj^f of the bronchial and alveolar walls 
and dilatation of the smaller bronchi renjains. In 
chronic cases this fibroid thickening is much more 
marked, and considerable irregularly distributed pig- 
mented induration and bronchial dilatation may b<^ 
produced, (See Chronic Pneumonia.”) In these chronic 
forms the contents of the alveoli sometimes caseate, and 
then become encapsuled, or in quite exceptional cases lead 
to disintegration. 

Hypostatic Pneumonia.. — Allusion must be made here 
t(f a form of lung-consolidation which is often described 
as pneumonic, but which, in reality, is for the most part 
non-infiamm^tory in its nature. This is the so-called 
hypostatic pneumonia.- This condition is^met with at 
the bases and most dependent portions of the lungs 
in the course of both chronic and acute diseases, and also 
in |he aged and debilitated. It consist^ in the main of 
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collapse, liypcrapmia, and oodema of the lung-tissne, re- . 
sultinfif from weak inspiratory power, I'cehle circulaiion, 
and gravitation. The consolidation thus mechanically 
induced is increased by more or less exudation of liquor 
sanguinis and blood-corpusclea into the alveoli, which 
exudation is partly due to the damage to the walls of the 
capillaries caused by the blood-stasis (Cohiiheim). This 
condition of hypostasis is, as has been already stated, 
especially favourable to proliferation of the alveolar 
epithelium ; and this proliferation often occurs to a 
greater or less extent, and so tends to increase the con- 
solidation. 


INTllllSTITIAh oil CHRONIC PNKUMONfA. 

Interstitial or chronic pneumonia is characterised by a 
gradual increase in the connective tissue of the lung, 
which leads to an induration of the pulmonary texture, 
and to progressive obliteration of the alv«‘f)lar cavities. 
It is coimifonly associated with <*utarrh and dilatation of 
the bronchi, and often with ulceration of the hrouchial 
w'alls, and excavation of the indurated lung. 

rATjioLooY. — It is exceedingly doubtful if interstitial 
pneumonia is ever a primary and independent atfeetion. 
It probably in all cases owes its origin to some antecedent 
inliaramation of the pulmonary or bronchial textures, or 
of the pleura. It may be stated generally that all iu- 
Hammatory processes in tlie lung which become chronic 
lead to an increase of the connective tissue elements, and 
consequently to a fibroid induration of the orgjins, and in 
this respect, therefore, these processes resemble similar 
ones in other parts — e.g, in the liver, kidney, and mucous 
membranes. In th^ lungs by far the most common caifcje 
of such indlfration is phthisis, in all cases of which, ex- 
cepting in those which are the most acute, there is more 
or less fibroid growth. The most chronic cases of 
phthibia— those in <vhich the fibrosis is the most marked 
— are, it must be admitted, somewhat closely allied to 
Bome forms of piterstitial pneumonia. The two diseases 
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differ, however, in this respect : --that whereas the pul 
nionary consolidation of phthisis tends to nndergo mole 
cnlar death and disintegration, that of iTiterstitial pneu- 
monia exliihits no such tendency, Imt any destructior 
and excavation of the indurated lung which may take 
|)laco is due to secondary inflammation and ulceration 
coniUKMioing in the i)ronchial walls. In cou?»idering the 
]iathology of interstitial pneumonia, therefore, it is neces- 
sary to exclude in the fir.st place the pulmonary fibrosis 
of chronic phthisis. (Sec “ Pulmonary PhthiHis.'’) Inter- 
stitial ])Jieninonia must also be separated from that form 
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tinned u.eclianieanl»«l‘>’*^°“ (see -Brown Induration of 
the Lnug”), ““»*•« locaUsed indurations 

duetochrcmicWchi< '’^V115).a«d to^yphili^ . 

There appear to lie fon?® "’editions which may give nee 

to interstitial pneumonia, =- 

1. Crempous Pneiiwcmia.^The pulmoaary consobda- 
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tion of acnto croupous pncumonifi in almost all cases 
undergoes complete resolution. This resolution is usually 
effected rapidly, but occasionally it is more protracted. 
When protracted, the bepati/.ed lung tends to become 
slightly indurated, owuig mainly to thickening of the walls 
of the alv<‘<)li. ^J'liia indurated hepatization differs but 
little in its physical characters from ordinary red and grey 
hepatization ; it is simply somewhat firmer, more resis- 
tant, and less graiinhir. In very exceptional cases this 
small ainoant of induration, commencing in the alveolar 
walls, may gradually increase, so as ultimately to give 
rise to that extensive fibrosis of the lung which constitutes 
what is usuall^^ kiio.vn as interstitial pueuriumia. 

2. appears to be a some- 

what more frecjiieut cause than tlio preceding. 1’he 
greater liability of this form of pneumonia to* lead to 
])ulmonary induration, is to be accounted for, paHly by 
its longer duration and greater tendency to beconjc 
chronic, and ])artly by the existence <^f bronchial dilata- 
tion with which it is so frequently associated. ^Hiat 
bronchial tlilatation is favourable to an indurative pneu- 
monic process has been insisted upon by Dr. Wilson 
Fox.* The existence of this dilatation favours the per- 
sisteuco of the catarrhal and pneumonic process. The 
removal of secretion is rendered difficult, and the re- 
tained secretion tends to keep up and increase the irri- 
tative process, both in the dilated bronchi and also in 
tlie pulmonary alveoli, and this persistence of the bron- 
chial an«i pulmonary inflammation leads to fibroid 
thickening of the bronchial and alveolar walls. In thi.s 
way areas of fibroid induration are produced, which, as the 
prr)cess proceeds, may ultimately involve large portion? 
of the lung.* The progressive tendency of the process 
is probably partly to be explained by the fact that 
pulmonary fibiosis is a cause of bronchial dilatation, so 
that fibrosis once established, by inducing further dilata- 

* Iloj'nolda’ ‘‘System of Medicino,” vol, iii Article, Chronic 
Pneumonia. * 
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tion of the bronchi favours the extension of the bronchial 
and pulmonary induration (Wilson Fox). 

Under this head may also be included those cases of 
induration and ulceration of the lung which result from 
obstruction of a main bronchus — such as is produced by 
the pressure of an aneurism. Here the retained bronchial 
secretion sets up inflammatory changes in the bronchial 
and alveolar walls, which gradually lead to induration 
and ulceration of the lung.* 

3. rienrifiy. — This, in vei*y exceptional cases, leads to 
the development of an interstitial pneumonia. It appears 
to be in those cases of pleurisy which are more or less 
chronic, and in which the effusion remains long nn- 
ahsorbed, that such a result is most liable to occur. 
TIio induration of the lung thns^induced, is often, how- 
ever, exceedingly partial, consisting merely in some in- 
crease of the interlobular connective tissue, originating 
and extending inwards as dense bands from the thickened 
visceral pleura. In other cases pleurisy pr&bably gives 
rise to a much more general fibrosis. 

4. The Inli^iUtlion of solid irritating Particles, — ^Tliis, 
which occurs in miners, jx^tters, stonemasons, grinders, 
&C.J is the cause of tlie fibrosis of the lungs so common 
amongst these workmen. The coiitimions irritation of 
the inhaled particles induces a bronchial and alveolar 
inflammation, and ultimately a progressive fibvosis, with 
dilatation and iilctjralion of the bronchi. 

HisTOLO(rV, Lc . — ^The appearances presented by the 
lung when the fibrosis is extensive and general are very 
characteristic. The organ is diminished in siae; the 
tissue is smooth, dense, firm— in parts almost carti- 
Haginous in consistence; and it iS irregularly mottled 
with black pigment. The alveolar^structuft of the lung 
is in mest parts completely destroyed, and on section the 
dUatod bronchi are seen as numerous large openings 

!“ Bee case by Dr. Irvmo, “ Trans. Path. Soo. Loud.,” vol, xxviii. 

p.G3. . ^ 
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scattered over its surface. The dilated bronchi frequently 
become the seats of secondary inflammatory processes, 
which may lead to ulceration and ultimately to extensive 
excavation of the indurated tissue; but there is a com- 
plete absence of any of those caseous changes which are 
so characteristic of ordinary phthisis. This secondary 
inflammation of the dilated bronchi is probably induced 
by the irritating and often putrid secretion which they 
contain, and which is only with great difficulty com- 
pletely removed by expectoration. The pleura is almost 
invariably considerably thickened and adherent. 

The histological changes may he described generally as 
consisting in the development of a fi hr o- nucleated tissue 
from the walls of the alveoli, from those of the bronchi, 
and from the intcrlobfelar connective tissue ; which new 
growth, as it increases, and from its tendency to contract, 
gradually replaces and obliterates the alveolar structure. 
The character of these changes, however, varies somewhat 
according iR) the inflammatory antecedents in which they 
originate. When the result of a croupous pneumonia, the 
primary, ami nsiuilly the principal, change takes place, 
in the walls of the alveoli (Fig. 116), although ultimately 
the interlobular tissue is involved. The alveolar walls 
become thickened by the growth of a small-celled tissue, 
in which, associated with the lymphoid cells, there are 
sometimes elongated fusiform cells such as are found in 
embryonic tissue which is undergoing fibroid develoj)ment. 
The new growth in its earlier stages usually contains new 
blood-vessels, but later the tissue contracts, and these 
becom# to a great extent destroyed. The alveolar 
cavities which are not obliterated, are either empty, or 
contain exudation products or a few epithelial cells. Ill 
addition to tfie growth in the alveolar walls, I have met 
with three cases in which intra-alveolar exudation pro- 
ducts were undergoing fibroid development.* There was 

* For one of these spocimd ns I amindebted to Dr. Ooodbari, who 
records the case in the Trans. Path. Soc. Loud.,” vol. xxv. p. 33. 
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nothing peculiar in the macroFCopical characters of the 
lungs, but the alveoli were found filled with a fibrinous 
nieshwort and leucocytes somewhat similar to that met 
with in red hepatization. (Sec Fig. 111.) They differed, 
however, in this respect— that many of the cells were 

Fio. lie. 




Interstitlnl Pnmmonift. From a caso of so-called “ cir- 
rliosis” of tlio lung, in which tbo disoaso was unilateial. 

I’hc bronchi were much dilated, and there was a comillete 
altsciK-o of any caseous change. The drawing bIiowh the 
now fibro-nucicated growth, both in the alveolar walls and 
in tho interlobular tissue, also the pigmeutation. At a a 
divided vessel is soon, >« 100.* 

long and spindle-shaped, and blood-vessels were dis- 
tributed amongst them, which blood-vessels communicated 
with those in the alveolar walls. (Figs, 117 ai^ 118.) 
The alveolar walls were also thickened by a fibro-nucleated 
g^TOwth. It was therefore perfectly ebvious that in these 
lungs tho products of a previous acute croupous pneu- 
nionia wo/6 becoming vascularised and undergoing de- 
velopment into a fibroid structure, and that this intra- 


• When this specimen is examioed with a higher magnifying 
power a deUcate reticulum cau be seen betwemi the cellular ele- 
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alveolar change was the principal canse of the fibroid 
induration of the organs. 

When the fibrosis is secondary to an ordinary broncho- 
pneumonia or to that induced by the initiation of 
irritating solid particles, the now growth also originates 
principally from the alveolar walls. Here, however, the 
growth in the earlier stages is less uniform and the peri- 
bronchial and interlobular connective tissue j)lay a more 
prominent part in the process. 



CHAPTER XLII. 

PULMONARY PHTHISIS. 

Hy pulmonary phthisis is understood a disoas(5 of the 
lungs which is characterised by progressive consolidation 
of the pulmonary texture, and by the subsequent soften- 
ing and disintegration of much of the consolidated tissue. 
Respecting the nature of the morbid processes which load 
to this consolidation and disintegration of the lungs — 
various opinions have from time to time bocji held by 
pathologists, and this diversity of opinion exists to some 
extent even at the present day. Accordijig to the older 
views, which were based npon the teaching of Laonnee, 
phthisis was regarded in all cases VLSt^tiihcrcahmB disease. 
Tubercle was looked upon as a specific nou-inflammatory 
growth which was cliaractcjrised by the caseous dt‘geue- 
ration which it invariably underwent (sec Acute Tuber- 
culosis”), and this caseous metamorphosis was held to be 
such a distinguishing peculiarity of the growth that all 
caseous masses came to be regarded as tuberculous, and 
phthisis, in which caseation plays such a prominent part, 
was consequently regarded as a tuberculous disease. The 
various consolidations of the imlmonary tissue were de- 
scribed as “infiltrated tubercle,” and tubercle in s«ne 
form or other was Regarded as so essential a constituent 
of»the disease, that “phthisis” and* “ pulmonary tuber- 
culosis” caJue to be synonymous terms. 

These older views respecting the nature of phthisis 
have undergone various modifications during recent years. 
When the application of the term “ tubercle” became 
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limited by Virchow and his followers to the grey granu- 
lation, it was evident that such views wore no longer 
tenable, and at the present time many, in accordance 
with the advocacy of tho late Professor Niemeycr, regard 
tubercle as only an occasional element in the causation of 
the disease. In considering how far tubercle plays a part 
in the production of phthisis, it must bo borne in mind 
that this growth is now known to be an inllammatory 
one. The miliary lesions wliich are commonly known as 
tubercular, are the anatomical results of chronic inflam- 
matory processes limited to small circumscribed areas ; 
and although they consist in the main of a small-celled 
lymphoid tissue, they present certain differences in their 
histological characters, according to the structure of tho 
organ in wliich tliey originate. (See “ Acute Tuberculosis.'’) 
Ill tlie lungs it bus been seen that they consist not only 
of that lymphoid tissue and branched cells which is so 
characteristic of tubercular lesions, but also of accumu- 
lations of epithelium within the pulmonary ulVeoli. (See 
“ Tuberculosis of tho Lungs.”) 

IIjm'olouy of Piirmsis.— The histological changes in 
the lungs which occur in pulmonary plithisis arc similar 
to those which are met with in these organs in acute 
miliary tuberculosis. They differ mainly in this respect-— 
that whilst in the latter disease these changes are usually 
limited to small areas (hence the miliary character of the 
lesions), in the fomcr they commonly involve much wider 
tracts of tissue. 

In studying pulmonary phthisis, it will be advisable in 
the first plAce to describe the various structural changes 
which are mot with in the lungs, together with the more 
ini]iOi’tant alterations whiclj they produce in the physical 
characters of the organs j and subset^rently to examine 
into the nature of the morbid processes upon which these 
changes depend, and to draw some general (Conclusions 
respecting the patliology of the disease. 

The structural changes met with in the lungs in phthisis 
a're uuiinly of four kinds : — 1st. An acciwni(]aftQ» 0 / epi- 
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thelial cells wHhin *flie fnlmmiary alveoli ; 2u(l. Tliejn'c^ 
sence ivithm the alveoli of a fihrinons r.nnlaii(m and lev- 
coeyfee ; 3rd. A cethdar infiUraikm and thicl:cnitig of the 
alveolar ^vallSt toyetUer with, in most cases, a sitnilar 
chmiye in the walls of the terminal hronchioles ; and -Ith. 
An Increase in the in terlohnlar connective tissue. These 
four kinds of morbid change arc very constantly asso- 
^ciated, although in very different degrees ;* and some of 
them are inor(3 prominent and characteristic than otlu'rs. 
The preponderance of one or otlior of them produces 
those variations in the physical characters of the lungs 
which are met with in the different stages, and in the 
different varieties of the disease. Hiesc various structural 
changes must now be considered sc'parately. 

1st. Ail accmiulatiou of ejHfhtlial colls within the 
imlntonary alveoli , — This is one of the iriost rre(iut*iit 
clianges met with in phthisis, and is precisely similar to 
that which has been already described as occurring in 


Pio. 110. 



. AetfU Phthisis^ Showing one of the alvf'oU filled with 
ein thelial ekmeuts, and marked eellulai' infiltration uf the 
alveolar wall 200. 
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cases of true catarrhal pneumouia. (See Fig. 114.) The 
alveoli are found filled with largo nucleated elements, 
which are the offspring of the epithelial cells normally 
lining the alveolar walls. (Fig. 119.) In some acute 
cases cf phthisis this alveolar accumulation may con- 
stitute almost the only morbid change, and although 
there is always some cellular infiltration of the alveolar 
walls, the great bulk of the pulmonary consolidation is* 


Fiq. 120. 



Section qfLnngfrom a case of Acute Phthisis. Showing 
tiiat t he cona(»lidatioii constists a linowt exclusively of pw)- 
diicts uccumulahid withiu the alvt'olf. In some parts a 
free space is seen between the alveolar walls and their 
coiitouts; this is simply due to the shrinking of the 
latter caused by the hardening of the specimen, x 60 . 
c « 

due to the stuffing of the alveolar cavities w^th catarrhal 
products. (Fig. 120.) In some part^— those in which the 
change is the most recent — ^the large cells which fill the 
alveoli and the alveolar walls will he fo\ind but little 
altered, but in the greater portion of the consolidated 
tissue the cells will bo seen in various stages of retro- 
gtessive metamorphosis, and the alveola* walls destroyed ; 
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whilst in thoso tracts of tissue in which the process is 
most advanced all trace of structure is lost, and nothing 
is seen but a granular debris. These changes are pre- 
cisely analogous to thoso met with in many of the larger 
nodular lesions of acute tuberculosis. (See Figs. 73 
and 74.) 

2nd. The presence withm the alveoli of a ftMaons 
exudation and leucocytes , — ^This is less frequent than the 
preceding. (Fig. 121.) The exudation products are 


Pig. 12t. 



Acute PMUiftis. Showing one of the alveoli filled with 
fibrinous exudation and loucooyteH, and Bomo cellular 
iufiltratiou of tho alveolar wall. >« 200. 


similar to tjiose which fill the alveoli in ordinary croupous 
pneumonia. (See F^. 111.) The coagulum, however, is 
ivaually not so abundant, neither is the fibrillation quite 
so distinct, lathe most acute forms of phthisis this may 
constitute the principal cause of the pulmonaiy consoli- 
dation, but more commonly it- is associated with more or 
less epithelial i^oliferation. 
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Tlie appearances presented by the lungs in those cases 
in which the pulmonary consolidation is mainly due to 
the {ntra-Qlyiio\Q,T changes above described arc very 
characteristic. The consolidated tissue is quite soft and 
friable, breaking down very readily under the finger, and 
there is a complete ab.sence of any induration. The con- 
solidation, although frequently almost uniform, some- 
times presents a somewhat lobulated outline, indicating 
the implication of diil'ercnt groups of the pulmonary 
lobules. The colour varies from a reddish to a yellowish 
grey, uud scattered through the consolidated mass arc 
often small portions of a more decidedly yellow tint. 
Those hitter correspond with those parts in which the 
retrogressive changes are the most advanced, and they 
are even softer in consistence than the surrounding 
tissue. In mauy parts the consolidated tissue will be 
found broken down, so as to form cavities of various 
sizes. Those always possess irregular walls, which are 
quite soft and friable, like the solid iissuo which surrounds 
tliem. 

ord. A cellular m fiUraiUm and tldclcming of the alveolar 
wallet iogether with, hi most eases, a similar change hi the 
walls of ike terminal Ironchioles, This is very constantly 
associated with the former intr a- alveolar changes, and it 
must be regarded as the most characteristic phthisical 
lesiou, although its extent varies very considerably in 
diflerciit cases. The change is precisely similar to that 
wliich has been already described as occurring in acute 
miliary tuberculosis. In its earlier stages a few small 
lymphoid cells are seen infiltrating the alveolar septa, 
vjhioh are thus slightly thickened. .;,(See Figs. 119 and 
121.) As the change proceeds the number of these cells 
increases, and from them an impeffect fibro-nneleated 
structure is developed, which in some parts very closelj- 
resembles adenoid tissue. (Pig. 122.) This structure con- 
tains no new blood-vessels. As this new tissue develops 
in the alveolar walls it gradually obliterates and replaces 
the alveolar cavities, so that whilst in so^o portions the 
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thickened alveoli may he fonnd still containing epithelial 
elements, oxudiitiou products, or even giant cells, in others 
large tracts will be seen, consisting almost entirely of the 


Fio. 122. 



Sedinn of Lnnqfrom a case of sow'what Chrfmir Phthms. 
Slidwing tlu' thu*k,*nij»g of tho alveolar wiills by a ilUro- 
mu’loatod adeTioirl-liki' tibsiio; logcrlior with nn accmmi- 
liitioii of i;])ith<*lial collfi within Iho alveolar cavity. Tlie 
latter arc iiudorgoiug votrogressivo clutDgos. x 2U0. 

small-celled growth. The development of this new non- 
vascular tissue in the alveolar walla leads to the partial, 
or even complete, obliteration of the pulmonary capillaries, 
which, as will be seen subsequently, confetitutes an im- 
portant element in the causation of the retrograde 
changes. * * 

The changes which may subsequently take place in 
this alveolar growth vary. The infiltrated Bei>ta may 
rapidly bre»k down before any marked tliickeuing or 
development of new tissue has had time to occur ; whilst 
in other less acute cases, there is a considerable develop- 
ment of the ^perfect libro-nucleated, tissue, which, 
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although it may remain as a more or less permanent 
structure, usually owing to insufficient vascular supply, 
undergoes in its turn retrogressive metamorphosis. 
7’hese two kinds of change are very often found taking 
place simultaneously in dilTerent portions of the con- 
solidated lung. In those portions in which the new tissue 
is undergoing degeneration, it, together with the cells 
which may be contained within the alveoli, will be seen 
to have become converted into a structureless granular 
d^diris, whilst perhaps in immediate vicinity to these 
more degenerated portions will be found a more perma- 
nent fibre) nucleated structure. 

Respecting the alteration which the growth of this 
small-cellcd tissue produces in the physical characters of 
the lungs— it may be stated generally, that it usually 
leads to more or less induration of the pulmonary texture. 
The extent of this induration, however, will vary accord- 
ing to the characters of the now tissue. If the tissue be 
almost entirely cellular, such as is the case when it is very 
ra])idly developed, it will produce but little, if any, indu- 
ration i>f the pulmonary consolidation, which, consisting 
mainly of the intra-alvcolar accumulations, will be soft 
and friable in consistence, much reseiubling that which 
has been already described. When, on the other hand, as 
is more frc(iaeiitly the case, there is any considerable 
development of the imperfect libro-nucleated growth, or 
its r^'ticulum is dense and abundant, there will be a 
corresponding induration of the consolidated tissue. In 
many cases these changes produce uniform tracts of 
indurated consolidation of a greyish colour mottled with 
black pigment, in which there may be scattered here and 
there yellowish patches corresponding to those portions 
which have undergone retrogressive f^tty changes. 

4th. An inarecuia in the vnterlohular oormective tissue , — 
This is met with, to a greater or less extert, in all the 
more chronic forms of phthisis. This tissue, which sur- 
rounds the bronchi and blood-vessels, and contributes to 
the formation of the alveoli, is found nc^ only increased 
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in amount, but also altered in character. In the earlier , 
stages of its devclojiracnt, when it contains numerous 
small cells, although many parts of it may resemble the 
growth in the alveolar walls, its structure is more like 
that met with as the result of chronic indurative pro- 
cesses in other organs. It has a much greater tendency 
to become developed into a fibroid tissue than the 
alveolar growth, and is rarely the seat of those retrograde 
changes which arc so frequent in the tissue originating 
in the alveolar walls. As usually mot with, it consist.s 
either of wavy fibres or of a more* or less reticulated 
structure, with a varying nuinbor of round, spindle- 
shaped or branched colls. (P'ig. 1 23.) Associated with it, 

Fio. 123. 



Chronic Phthwin, Showing the new interlobular, fibroid 
growth Hurrounding and eacupHulatiug a degenerated atnl 
caseous port^u of ue cousoIiOatod lung, x 50, reduced 
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ia most cases, are granules of black pigment. These dif- 
ferences in tlie pathological tendencies and structure of 
the alveolar and interlobular growths are mainly owing 
to dilfereticcs in the amount of their vascular supply. 
Whereas in the former the vessels become obliterated in 
the maimer already described, in the latter this oblitera- 
tion is much less complete or entirely wanting. In tho 
most chronic cases of jjhthisis this interlobular growth 
may constitute the predominant structural change, and 
large tracts of the pulmonary texture may bo found 
comjdetely replaced by it. (See “ Interstitial Pneu- 
monia.”) 

An increase in the interlobular connective tissue in 
phthisis— inasmuch as the new tissue has so marked a 
tendency to become dense and fibroid — leads to extensive 
induration of tlic pulmonary texture ; and further, owing 
to the contraction wliich the tissue tends to undergo, its 
growth ultimately produces a corresponding contraction 
of the diseased lung. In all those cases of phthisis in 
which there is either a marked thickening of the alveolar 
walls, or an increase in the interlobular connective tissue, 
any cavities which may exist in the consolidated and 
intluraled tissue are characterised by the tough and 
fibroid character of their walls, these presenting a marked 
contrast to the soft friable tissue which surrounds the 
cavities in those cases in which the pulmonary consolida- 
tion is mainly due to intra-alveolar changes. 

Oha taxi's i'tifihe Bi'onchi . — Allusion must now be made 
to certain changes in the bronchi. These tubes are 
invariably more or less involved in pulmonary phthisis. 
Some catarrh of the bronchi is constantly present in 
f)lithisical lungs. The catarrh is sometimes general, but 
much more commonly it is limited| and m^re strictly 
confined to such portions of the lung as are becoming, or 
have already become, consolidated. In many cases there 
is a marked tendency of this bronchial catarrh to lead 
to extensive cellular infiltration of the deeper structures 
of the bronchial wall. This is especially^the case in the 
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scrofulous. (Sco “Scrofulous Intlaraination,” 63.) 
This cellular infiltration sometimes leads to the produc- 
tion of small ulcers. These have thickened opaque edges, 
and when once formed they tend to increase. In addition 
to those changes in ithe bronchial nuicoiis inembfane, 
there is often a cellular infiltration of the peri-bronchial 
tissue, and here small nodules of new growth are fre- 
quently met with — especially around the smallest bronchi. 
The development of these nodules is probably due to the 
transmission of infective substances by moans of the 
lymphatics from the bronchial mucous membrane (tuber- 
culosis). 

rATiioLOGY OF IbiTiiisrs.— Having thus briefly described 
the various structural changes met with in tlio lungs in 
phthisis, it remains to consider the nature ()f the morbid 
processes upon which they depend. In. the first place, it 
is evident that those changes are analogous to those which 
have boon seen to occur in the several forms of pulmonary 
iuflaninjatidn. Tlio fibrinous exudation and leticocytcs, 
and the accumulation of epithelial cells within the alveoli 
in croupous and cattirrhal pneumonia, with, in the more 
ctronic cases, the ultimate infiltration of the alveolar 
walls ; and the increase in the interlobular connective 
tissue which characterises the interstitial process, closely 
resemble ,the phthisical lesions. These considerations, 
together with those derived from the study of the etiology 
of the disease, are sufficient to justify the conclusion that 
the morbid processes whicli lead to the ifcnaoMdation 
and subsequent disintegration of the lung come within 
the category of inflammation, and tlmt the differences in 
the histological chjingeis to which they give rise are 
mainly due to differences in the intensity, in the duration, 
and in the mode of erigin of the inflammatory process. 

In considering the causes of these differences in the 
histological changes in the lungs, it is important to bear 
in mind what has been already stated respecting the 
variations in the cliaracter of the textural alterations in 
inflammation which are produced by differences in the 
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intensity and duration of the inflammatory process. (See 
“Varieties of Inflammation.”) When studying the pro- 
cess of inflammation, it was seen that the most intense 
forms of the process were characterised by abundant 
fibrinous exudation and emigration ; whereas in inflam- 
mations of less intensity, the textural changes played a 
more prominent part. These textural changes ^so varied 
according to the intensity of the inflammation. In the 
least severe and most chronic forms, these changes tended 
to be limited to the elements immediately adjacent to the 
blood-vessels and lymphatics, whereas in inflammations 
of somewhat greater intensity more distant elements be- 
came involved. Further, whereas in the former case these 
changes usually resulted in the formation of a small- celled 
tissue which tended to become fibroid, in the latter, the 
more distant elements — ^being in most cases incapable of 
further development — tended to undergo retrogressive 
changes. In the lungs, tho truth of these^ propositions 
was borne out by the differences which were seen to exist 
in the histological characters of the lesions in the various 
forms of pulmonary inflammation, and also in. acute 
tuberculosis. 

Ef the pathology of these inflammatory processes in 
the lungs be kept in view, the explanation of the diffe- 
rences in ih(3 histological characters of the lesions in pul- 
monary phthisis beejomes tdbrably evident. In those 
cases in w^h the inflammatory processes are of slight 
intensity ana of long duration, the most marked struc- 
tural change wUl consist in tho development of a small- 
celled growth in the alveolar walls and in the interlobular 
tissue — a growth which tends, more or less, to become 
developed into a fibroid strnctn^e ; whereas in those cases 
in which the inflammation is of greater intensity fibrinous 
exudation and emigration, and proliferation of the alveo- 
lar epithoUnm, will constitute more promfnent parts of 
the process. 

The intensity of the inflammatory process not only de- 
termines to a great extent the histologocal characters of 
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the pulmonary consolidation, but also the subsequent* 
changes which take place in it. In those cases of phthisis 
in which the intensity of the inllaminatory process is con- 
siderable, not only do the epithelium and exudation pro- 
ducts which have accumulated withiu the alveoli (piickly 
degeuerato and break down, but any small-cclUHl tissue 
which may have been developed in tlie alveolar walls or 
around the terminal bronchioles also softens and dies, 
and thus the vitality of large tracts of the pfllinoiiary con- 
solidation may become destroyed, in those cas(3S, on the 
other hand, in which the x^roceas is less intense, the sinall- 
cellcd growth ]>roduccd in the alveolar and bronchial 
walls is more i>(*rmanent, and there is an increase in the 
interlobular connective tissue. It is these two kinds of 
change, the one tending towartis deatli, and the other to- 
wards j^rogressive development, which produce the casea- 
tion and softening on the one hand, and the induration 
on the other, which associated in such various degrees, 
make ux> tRo diverse physical characters of the i)hthisical 
lung. 

These various secondary changes which may take place 
in the pulmonary consolidation of j^hthisis must bo con- 
sidered more fully. They are of three kinds — resolution, 
development into an imperfect fibroid tissue, and retro- 
grade metamorphosis. 

Bcfiolution . — Much of that consolidation of the lung 
which is the most rapidly induced, and wlych is c,onsc- 
quently owing to tho presence of iutra-alveolar exudation 
matter, may boconH absorbed. The resolution of the con- 
eolidation may thus be complete, or after the absorption 
of the intra-alveolv products there may remain more ir 
less infiltra^on of the alveolar walls. 

Fibroid Develop i^nt, — This, as has been seen, may 
take place in the growth in the alveolar walls, and also in 
the new interlobular tissue. The tissue which originates 
in the walls of the alveoli, however, being for the most 
part destitute of blood-vessels, is incapable of forming a 
very mature structure, although it may become developed 

bb2 
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* into an imperfect adenoid-liko tissue, which may remain 
for some time permanent, and so contribute to the indu- 
ration of the lung. In the new interlobular tissue, there 
is not tlie same interference with the vascular supply, and 
hence this forms a much more fully developed and per- 
manent structure, and it is the principal source of the 
l»ulmonary fibrosis. The extent of this fibrosis is, for the 
most part, in direct proportion to the chronicity of the 
disease. * 

liefrogmde Mefomoi'])hosis , — It is this kind of change 
which leads to that caseation, softening, and disintegra- 
tion which is so characteristic of ])hthisis, and which dis- 
tinguishes phthisical from other forms of pneumonic 
consolidation. A retrograde change in the inflammatcjry 
products is an invariable accompaniment of acute non- 
phthisical pneumonia. Much of the exudation matter and 
epithelium which fill the alveoli undergoes fatty and mucoid 
changes, and as the circulation becomes restored in the 
pulmonary capillaries, the degenerated products are ab- 
sorbed, and the lung remains intact. In phthisical con- 
solidation, however, this rcmoviil of the inflammatory 
products docs not take place. The contents of the alveoli 
degenerate, but the degenerated products are not absorbed, 
and the consolidated lung undergoes a rapid or gradual 
process of disintegration. 

In studying the causes of this retrograde metamor- 
phosis, which constitutes so essential a feature of the 
disease, it is undoubtedly principally duo to conditions 
interfering with the circulation, (jt these conditions, 
that which occupies the most prominent place is that 
(^dlular infiltration of the walls of tbp alveoli and smaller 
bronchi which is such a constant though '^ery variable 
factor in phthisis. It has been se^ that this infiltra- 
tion is especially characteristic of scrofulous inflamma- 
tions, and that it occurs in a modified forrn^ in those who 
are not markedly scrofulous, and also in all pulmonary 
inflammations which become chronic. When the infiltra- 
« tion is marked, and especially when rapidly induced, the 
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effect of the pressure which the youn^ cells exercise upon, 
the piilmouary capillaries is to obstruct the circulation, 
and so uot only to prevent the. abst)rpti»)u of any iyitra- 
alveolar products, but also to lead to necrotic chaii^'oa. 

There are two other conditions which, although of loss 
importance than the preceding, also tend to interfere 
with the circulation, and so to cause necrosis. 'These are 
the pressure which is exercised upon the pulmonary 
capillaries by the inflammatory products which have 
accumulated within the alveoli, and that t(‘Tidency to 
stagnation of the blood-stream which is an invariable 
accompaniment of every acute inflammation. The o]>ova- 
tion of these c(mditious obtains in the most acute fonns 
of phthisis. 

In adtlition to the interference with the circulation, an 
iin])ortant element in the causation of the retrograde 
changes of phthisis is probably that inherent weakness 
of the lungs (usually inherited), which not only renders 
them ospl'cially susceptible to injury, ]>ni also, when in- 
jured, renders them dbuormally incapable of recovering 
ilicin selves from the inflammatory process which has 
been induced. 

In many cases of phthisis also, especially in the more 
chronic forms, secondary inflammation and ulceration of 
the pulmonary consolidation, resulting from the injurious 
influence of retained secretions and inflammatory pro- 
ducts, constitutes an important factor in the causation 
of the destruction of the lung, 

EnoLoor or Hhtuisis, — In studying the etiology of 
phthisis it will be necessary to consider, in the first jdaco, 
that inherent pulmonary weakness which exists so fre- 
quently in this disease ; secondly, to examine into •the 
several methods which injuries may be inflicted on 
the lung in such a way as to set up an inflammatory 
process ; aftd la.stly, to point out in what way the occur- 
rence and progress of the disease are influenced by the 
general health of the individual. 

Inherent ^tdmonary weahnee9, usually iuherited but 
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.often acquired, exists in a large proportion of the cases 
of phthisis. This weakness not only renders the lungs 
abnormally susceptilde to the various kinds of injurious 
irritation, but also makes them less capable than strong 
lungs of recovering themselves from the ciFects of the 
inflammatory pro(‘ess which the injury has produced. 
Inherent pulmonary weakness is most freiiuently, but by 
no means always, a part of that general constitutional 
state known as scrofula, in which the mucous membranes 
generally, and c.specially that of the respiratory organs, 
arc so abnormally liable to become inlianied. 

Infla'iuynatory processes may he induced in the lungs 
by — 1st, injuries inflicted upon the surface of the body ; 
2nd, by injuries inflicted through the medium of the 
bronchi ; and 3rd, by infection. 

By injuries inflicted upon the sui'face of the body I 
mean that general chilling of the surface which results 
from exposure to cold. That this is a frequent cause of 
bronchial and pulmonary inflammation is well known. 

A more important agent in the ^production of phthisis 
than the preceding is the injnrious irritation of the lungs 
ilirough the medium of tho bronchi. The bronchial 
mneons mcmln-ane, communicating as it does with the 
external air, is especially liable to injury, and the extreme 
frecpioiicy with which the development of phthisis is pre- 
ceded or accompanied by successive attacks of bronchial 
catarrh is a well-established clinical fact, the important 
bearing of which upon the successful treatment of the 
disease it would be difficult to over-estimate. In consi. 
dcring bronchial catarrh as a cause of i^thisis it is im- 
p(?rtant to boar in mind how greatly tho occurrence and 
chiiracier of this catarrh are influenced by the existence 
of scrofula. jn, * 

In other cases injuries inflicted through the medium of 
the bronchi appear to exercise their influence directly 
upon the inner surface of the air-vesicles without pro- 
ducing any inflammation of the bronchial mucous mem- 
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branc. This is probably a very important way in which , 
such injuries cause ]jhthisical consolidation of the lung. 

The pvouiincnt position which these injuries inflicted 
through the medium of the bronchi occui)ies in the 
causation of phthisis is shown by the fact that the 
lung-coTisolidation in this disease is, for the most part, 
lobidaM in its distribution. Groups of air-vesicles com- 
municating with the terminal broncliioles become impli- 
cated, and thus are produced lobular lesions. (Fig. 124.) 


Pio. m. 



Acute PhfhiAw. A trausverso section of a terminal 
bronchus (air-passage) aiifl the surroumling alvooli. 
Showing the lobulated character of the pulniouary con- 
solidation. ft,- cavity of bronchus containing a little 
mucus, v, a blood- vessel, x 50, reduced 

This lobnlatod distribution of the phthisical consolida1#c||^ 
is exceedingly characteristic, and even in those acute 
cases, in which, owing to the rapid and extensive impli- 
cation of the lung, the consolidation may to the naked 
eye appear almost uniform (like a croupous pneumonia), 
the microscox>e will usually reveal a lobular chdracter. 
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The last method by, which injuries may be inflicted 
upon the lungs is by means of infection. This infection 
is precisely similar to that which has been already de- 
scribed as causing general tuberculosis. By it is under- 
stood the property possessed by certain inflammatory 
products— especially by those which have become caseous 
— of inducing secondary inflammatory processes in other 
parts. Limited tuberculosis dill'ers from the general 
disease only in the extent to wliich the infective materials 
are distributed. Whereas in the general affection the 
dissemination of the infective substances takes place 
principally by means of the blood-vessels, in the more 
limited processes the dissemination is effected by means 
of the lymiDliatic vessels or serous canals. In the lungs, 
limited infective processes are exceedingly common in 
phthisis, and they give rise to mtiny of the miliary 
noduh^s of induration which are so frequently met witli 
in phthisical lungs. The source of infection*' in these 
cases is usually some caseous induration already existing 
in the lung, so that the infective process usually super- 
venes npon pre-existing phthisis. 

There remains still one other factor which has a most 
important influence upon the causation of phthisis — //le 
general health of the indkndual. That the development 
and progress of plitliisis is greatly influenced by the state 
of the general health is well known. That this should be 
so will be readily understood if the inflammatory nature 
of the disease bo kept in view, inasmuch as, in all cases, 
the susceptibility of a living tissue to injury is, cceterls 
parihm, greater, and the poweV of recovering itself from 
the effect of the inflammation less, the lower the standard 
of fihe general health, 

Varietfes oe PuTjiisis.—In conclusion, allusion must 
be made to the different varieties of pulmonary phthisis. 
How far is a subdivision of the disease in^o different 
pathological varieties admissible? Although the varia- 
tiotLS observed in the physical characters of phthisical 
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lungs and also in the clinical history of the disease, have* 
led to its subdivision into different hinds, it appears to 
me that there are no pathological grounds for any such 
subdivision. The variations observed in the clinical his- 
tory of phthisis and in the physical characters of 
phthisical lungs arc, I think, mainly to ho n scribed to 
variations in the duration and intensity of the inffam- 
mat(^ry proccs^sos which give rise to the pulmonary con' 
solidation, and also to the parts which priTuary pulmonary 
inllammation, bronchial inffammation, and iufeclion play 
respectively in the causation of the disease. 



CHAPTER XLIII. 


chanotES in the blood and circulation. 

HYPE1U5MIA. 

Hypkr.emt\, or congestion, is excess of blood in tbe more 
or loss dilated vessels of a part. Whatever increases the 
pressure of the blood, or diminishes the resistance of the 
vessels, may be a cause of hypermmia. Hyperminia is 
ocMiui or (trier io.l, and mechanical or venous. These two 
varieties must be considered separately. 

ACT IVE HYPE R -EMT A . 

Active hyperamiia is an excess of blood in the arteries 
of a part, with, in most cases, an acceleration of the How. 

CausEvS. — ' rhe causes of active hypenomia may be 
divided into those which increase blood-pressure, and 
those which diminish arterial resistance. 

1, Increased Blood-pressiiro.—Hhxs occurs most com> 
monly from interrupl^on of the main current of blood in 
any particular part, owing to which increased pressure is 
thrown upon the collateral vessels. These vessels thus 
become dilated, the amount of bU)od in them is increased, 
aif& the How is accelerated. This, which is known as 
collateral hy’perae.mia, is seen after thoobstrueVon of the 
main current from any cause, as from the ligature of the 
vessel, or from its occlusion by a thrombus 'or embolus. 
(See “ Embolism.”) 

General obstruction in the capillaries of a part will in 
the same way cause a compensatory hyperasmia. This is 
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exemplified by the apj)lication of external cold cansing 
coTitraction of the superficial capillaries and congestion 
of internal organs ; and by obslrnciion of the capillaries 
in one part of an organ causing liyperLuinia of the parts 
adjacent. 

2. Ditiihuahed Arfrrial li(‘slstamp-~T\iin is much the 
most frequent cause of active hyporajmia. it may arise 
from — 

a. ]{daiMflnn or parahjHls of the wall of tho vckkc/. — 
The relaxation of the muscular coat of the vessels and 
their consequent dilatation, may be owing to — 1st, ex- 
ternal warmth ; 2iid, direct paralysis of the vaso-motor 
nerve; ^ird, indirect paralysis of tho vnso-inotor nerve; 
and j'th, changes in the walls of the vessel resulting from 
injury independently of the nervous centres. External 
warmth is a common cause of hy])er;vriiia. This is seen 
in the effect of warm baths, fomentations, 

The effects of direct paralysis of the vaso-motor nerves 
arc seen in* the active congestion of tlu» head and neck 
which follows ])rcssure ujxmthe sympathetic in the neck, 
as by an aneurism; and in tho unilateral congestion 
which results from experimental sections or disease of one- 
half of the spinal cord. Some emotional conditions also 
are attended by paralysis of the vascular nerves and con- 
sequently by active hyperaimia : this is scon in blush- 
ing. Certain substances again taken internally produce 
^laso-inotor paralysis, as the nitrite of amyl, alcohol, 
tobacco, &c. 

Indirect or reflex paralysis of tho vaso-motor nerves is 
most frequently due to irritation of 8enBf>rv nerves. The 
dilating action of the irritated sensory nerve is usually 
confined to the region supplied by it. Of tho numeroffe 
examples of hyperjftmia from this cause may bf3 men- 
tioned that which followjS injury of the conjanctiva, the 
hypermmias* associated with facial neuralgias, and the 
priapism that often results from irritation of the urethra. 
The hyper«emia of the skin, caused by friction and irri- 
tating substancas, is also due to the same cause. 
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Hyperajmia from the direct injury of the walls of the 
vessel independently of the nervous system, has already 
been described when speaking of vascular dilatation as 
the earliest change in the process of iullamrriation. In 
inflammiitioTi, the irritation is so severe as to cause not 
only dilatation ol* fhc vessel and accelerated blood- flow, but 
also a subsequent retsirdation ol the cir<*iilation and 
exudation of liquor sanguinis and blood-corpuscles. (Sec 
“ Inthunmation.”) If the injury be Jess intense or less 
prolonged in its action it produces sirnjdy dilatation of 
the vessels and increased rapidity of How — La. active 
hype raj 111 ia. 

fl. Saddaii removnl of external prc}isti.re . — The sudden 
removal of external pressure from vessels is followed by 
their dilatation, and consequently l>y hyperminia. As 
examples of hypeneniia from this cause may be mentioned 
that which results from dry cupping, and from the 
sudden removal of ascitic fluid, and of the fluid from a 
hydrocele. ' 

y. jifonif of the (f the f roni mohnnlriHoV . — 

'rhis is a mu 6 li less inijiortant cause of hyperiemia. 
Fatty degeneration of the nm.scular and internal coats of 
, the smaller arteries may, however, in some cases load to 
their dilatiitiuu, and tlius be a cause of active hypcramiia. 

Kksul'is. — T lio results of active hypenemia arc jirinci- 
pally such as might bo expected to follow from an increase 
in the amount of the arterial blood, and in the rajiidity of 
its How, in any particular organ or tissue. There is 
increased redness and pulsation, a sensation of throbbing 
being often experienced by the patient. There is also 
Bomo increase in bulk. The temperature at the same 
tftne undergoes a marked elevation, sometimes as much 
as 3 ® Cent. Serous effusions, liami^rrhage, and throm- 
bosis — so common as results of mechanical Ij^penumia — 
are rarely met with. If the hyperaemia be Af long dura- 
tion, the small arteries become permanently enlarged, 
tbeir walls gradually thicken, and the peri- vascular con- 
nective tissue may increase. Function may, or may not, 



HYPEK.EMTA. 


381 


he iiitorfered with. It ia in the nervous centres that « 
fiiuetional clianj^os aro most niarLed. They iiicliirle j^reiit 
excitability, |iane-sthosim of si^ht ami hearing, amvul- 
sioiis, Ac. In the skin, kidneys, and other secreting 
organs, the .secretions are usually increased. 

MKCUANICAL lIYPERiEMlA. 

Tn mee.hanical hypeviomia. the excess of blood is princi- 
pally iu tlie veins, and the flow, instead of being accele- 
rated, is retarded. 

C.vtsKs.- -'^’ho causes of mechanical hypcrinmia are 
sucli as interfovo with the return of the blood by the 
veins, either by directly impeding its exit from any vein 
or system of veins, or by diminishing the normal cir- 
culating forces, Tliey are — 

1. A ilh’ucl liupfullnu^nt to ikn Ihltmi of Blood by the 
TVj’ns.— I’his is the most fertile cause of mechanical 
liyperaunifi. Any obstruction to the ndiirn of blood by 
the veins is followed by distmision and impc<lcd flow 
l)cbiiul the obstruction. Tim congestion of some of the 
abdominal vi.scera which results from the oh.struction to 
the portal circulation in cirrhosis of the liver; that of tho 
lung in mitral constriction and regurgitation ; that of tho 
systemic circulation in insufficiency of the tricuspid valve ; 
and that of the lower extremities from the pressure of tho 
.gravid uterus on the iliac veins, are a few of i he numerous 
familiar examples of mechanical hypermiiiia from this 
cause. 

2. (havittitioTf , — This becomes an important auxiliaiy 
in the production of hyperajmia in disease, especially 
when it is associated with diminished cardiac povifer. 
The effect*of gravitation in determining conge.stiou of the 
most depopdeut parts is exemplified in ohrouic exhaustive 
and in maihy of. the acute febrile diseases, in which the 
nutrition generally becomes impaired, the heart’s power 
weakened* and hi which the patient is unable frequently 
to change his position. The integuments of the ba(;k, and 
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the posterior portions of the lungs, are the parts which 
are thus most frequently affected. 

3. Incroafted Local Jlcsi stance. — This results from dis- 
eased conditions of the arterial walls, owing to which they 
either lose their elasticity and contractility and thus 
their power of equalising and regulating the blood-flow, 
or become considerably enlarged. In either case the cir- 
culation will be impeded, there will be an accumulation 
of blood and retardation of How in the veins beyond, and 
the veins themselves will gradually become relaxed and 
dilated. Such conditions may arise from simple atony 
df the artcrifil walls, or from atheromatous, fatty, or 
calcareous changes. They are most common in advanced 
life. The paid they play in the production of senile 
gangrene has been already alluded to. (Sec “Senile 
Gangrene.'”) 

4. Diiuinishcd Cardiac Povjer. — This is one of the most 
important causes of mechanical hypermmia, especially 
when it is associated with any of the preceding ones. The 
motor power of the heart becomes impaired in many of 
the chronic exhausting diseases, also in the acute febrile 
diseases, as iu typhus and typhoid fever, and in all those 
conditions of degeneration and sofb3ning of its stimcture 
which lead to the dilatation of its cavities. In whichever 
of these ways the vis a ter go is diminished it will tend to 
produce venous hyperflomia. 

Besults. — Long continued mechanical hypersemia leads 
to impairment of vitality and function. The tissues 
gradually atrophy and undergo retrogressive changes, 
although from the amount of serosity and blood which 
they contain their size and absolute ''jeight may be in- 
erSased. Their temperature becomes lowered. 'Hie most 
important results, however, of this vafiety of Iiyperajmia 
are tra/naadailon ofsern>ni, lHBmorrhage,fihroid^idnratwn, 
thro7nhosist and gangrene, ^ 

1. Tnm»udaiion of Scrum. — ^I'his gives rise to oedema 
and dropsical effusions. Its occurrence is greatly 
-favoured by the stretching of the walls cof the vessels, 
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and by the damage which their structure sustains. The • 
transuded scrum usually differs from blood-serum in 
being of lower specific gravity, and in containing more 
water and less of the solid constituents. The greater 
the pressure, the more nearly does the transuded liquid 
resemble the liquor eanguinis, and the greater is the 
amount of albumen which it contains. If tlie pressure 
he very groat it may yield a fibrinous coagnlum. lii 
nineous membranes mechanical byperaimia gives rise to 
chronic catarrh. 

2. Hoiniorrhaf/c . — This is another result of mechanical 
hyporitimia. It usually occurs only when the obstruction 
to the venous current is very great. Those vessels which 
are tlie least supportcil are the first to give way. Tlio 
hmmorrhago into the stomach in cirrhosis of the liver, 
and into the lung in mitral disease, are familiar examples 
of hmmorrhage from this cause. 

!Not only does blood escape from the vessels by rupture 
of their •Nvalls in mechanical hypermmia, but the red 
blood-corpuscles pass through the walls of the capillaries 
into the surrounding tissues without riipturo taking 
place. This passage of the red corpuscles through the 
capillary walls, which was discovered by Cohnheim, may 
be obseiwed in the web of the frog’s foot after ligature of 
the femoral vein. The corpuscles in passing tlirough the 
vessel become constricted in their centre, so as to assume 
an hour-glass shape. This emigration only occurs when 
the obstruction is considerable. 

3. Fibroid huluratimi. — ^I'his, which is due to a gradual 
increase in the connective tissue around the blood-vessels, 
is one of the most important results of long continued 
mechanical hypermmia. The interstitial growth leads^to 
atrophy of the otbur structures, and thus to impairment 
of the funofions of the organ. Li the stomach, it produces 
atrophy of the glandular structures ; in the kidney, com- 
pression of the urine-tubes ; in the liver, obstruction to 
the portal circulation; in the heart, diminution in motor 
power. The alterations which this change produces in 
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the physical characters of the organs — viz. a hardness 
and induration associated with abnormal redness or 
pigmentation due to the excess of blood, are exceedingly 
characteristic. 

4f,*Tkromhosis. — This, as a result of mechanical ob- 
struction, will be described in the following chapter. 

»5. Gangrene . — This only occurs from mechanical hy- 
permmia when the obstruction is very general and com- 
plete. It has been already de.scribed under the head of 
“ Gangrene.” 

MliCUANICAL IIyPKR^’EMIA OP THE LiVER — NlITAIEG 
Liver. — Long- continued mechanical hypermmia of the 
liver gives rise to the condition known as Nutmeg Liver. 
This is tlic condition which so frequently results from 
disease of the heart. The change is characterised by a 
large accumulation of blood in the hepatic veins, by dila- 
tation and thickening of these veins, by atrophy of the 
hepatic cells in the central portions of the acini, and by 
an increase in the interlobular connective tibsuc. The 
impediment to the return of blood by the hepatic vein 
leads to atrophy of the cells in the central portions of the 
acini and also to the formation of granular pigment, so 
that when examined microscopically, these portions of 
the acini arc seen to consist of broken-down cells and 
granules of pigment, (Fig, 125.) The veins here are 
found much dilated and filled with red blood-corpuscles. 
Their walls are thickened, and there often appears to 
be also more or less thickening of the intercellular net- 
work which immediately surrounds the cjentral vein. 
Owing to this thickening of the central veins and of the 
adjacent intercellular network, and to the destruction of 
tlR Hver-cells, the most central portions of the acini, in 
advanced stages of the disease, m»y present a very 
fibrous appearance. At the peripheral parts of the acini 
the new interlobular growth is seen insinuating itself* 
between the almost unaltered liver-cells. This inter- 
lobular growth is usually distinctly nucleated, but for the 
most part, less so than that met with in cin'hosis. Its 




Nutmeg Liver. Showing the clcstniction of the liver- 
cells And the pigmentation in the coutral portions of 
the acinus, together with the new growth of connective 
tissue at the i)eriphery, V. Hepatic vein, P. Portal 
canal, x 60. (Wliou the specimen is more highly 
magnified, the central hemtic vein and its tributaries 
are seen to be filled mth rod hlood-cori>u8cl«8, and 
their walls thickened. The intercellular netAvork 
which ixumediately surrounds it is also thickened, and 
the peripheral connootiye tissue growth contains nu- 
merous nuclei.)* 


blood wbiclf it contMns. On section, it presents a peetiliflr 
mottled appearance, tbe centre of the lobnles l^ing of 
Cdark red solonr, whilst the peripheral portions are of 
a yello^™h-white. This latter appearance is often in- 
creased oy the presence of more or less fat in the peri- 
pheral liver-ceUjf. Ultimately the organ may undergo a 

c c 
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gradual diminution in size. This is due partly , to the 
atrophy of the cells in the central portions of the lobule, 
and partly to the pressure of the interlobular growth. 
The interlobular growth tends to cause obstruction to the 
portal circulation, as in cirrhosis. 

Mechanical HYPEiiiEwiA oj? the Lungs. — ^lu the lungs 
long-continued mechanical hyperaemia produces that 
peculiar induration and pigmentation of the organs 
which is known as Brown Induration. This condition 


Fio. 126. 



liroirn huiuratkm of the Lung. Showing tlie abnormal 
nnml^r of swollen pigmented epithelial cells covering the 
alveolar walls, tlio iiiorcaso <»f connective tissue around tha 
blood-vesstd, a, and the laigc quantity of pigment, h. The 
alveolar cavity, x 20U, 

most frequently results from stenosis and insufficiency of 
thte mitral orifice. The alterations produced in the pul- 
monary texture consist in the first ^lace of elongation 
and, dilatation of the pulmonary capillaries, so that even 
in uninjected preparations the alveolar wallas appear ab« 
normally tortuous. The epithelial cells lining the alveoli 
also become swollen and probably multiply, and they 
are , seen in largo numbers, filled with dark brown pig- 
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ment, covermg the alveolar walls. (Fig. 1 26.) ^Fhey fre- • 
quently accumulate within the alveolar cavities. These 
changes are followed by an increase in the interlobular 
connective tissue, by the formation of large quantities of 
brownish-black pigment, and often by a thickening df the 
alveolar walls. {Sometimes the pulmonary capillaries 
rupture and blood is extravasated into the lung-tissue. 

Lungs in which these changes are at all advanced pre- 
sent a more or less uniform brownish-red tint, mottled 
with brown or blackish-coloured specks and streaks. 
They are heavier and tougher than natural, less crepi- 
tant, and upon squeezing them the pulmonary tissue is 
found to be denser and thicker than that of a healthy 
lung. 


Post-Mortem Appearances op Hi'PEitjEMU. — The post- 
mortem appearances presented by hypcrmtnic organs and 
tissues vtft*y considerably. Very froriuently parts which 
were hypcnemic during life show no signs of it after 
death. If the blood does not coagulate rapidly it passes 
on into the veins, and thus the recogiution of arterial 
and capillary liypermmia very often becomes impossible. 
The effect of gravitation must also be taken into account 
in estimating hyperaemia. After death the blood natu- 
rally gravitates to the most dependent parts: — this is 
seen in the post-mortem congestion of the posterior por- 
tions of the lungs, and of the most dependent portions of 
the various coils of the intestine. The uniform redness 
of post-mortem staining again, must not be confounded 
with the redness of hyperaemia. In capillary and arterial 
hyperinmia, the colour is red, and the injection offfen 
presents fhe appoaranoe of a capilliform network. If 
very intense it may to the naked eye appear uniform, but 
a lens will* always discover its capillary nature. When 
the vei^s are the seat of the hypermmia the injection is 
called ramiform, and the colour is dark blue. 

The anatomjeal peculiarities in the distribution of the 

0 c 2 
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. blood- vesRels will, however, materially affect the appear- 
ance of the hypereemia. In the intestines it is often 
punctiform, being situated in the vessels of the villi ; so 
also in the kidney, when its seat is the Malpighian cor- 
puscles. A punctiform appearance may also be produced 
by minute extravasations of blood. If the hyperoBmia is 
of long-standing, the tissue becomes pigmented. This is 
often well seen in the stomach and intestines, also in the 
lungs. 



CHAPTER XLIV. 

THROMBOSIS. 

Thrombosis is a coagulation of the blood within ,tho 
vessels during life. This coagulation is owing to changes 
lu the walls o£ the vessel itself, or to imi>cded blood-ilow. 
The coagulum is called a ihronihns. It may form in tho 
hc'artj.in the arteries, in the ^^illaries, or in the veins. ' 

is much the most common in the last-named vessels. 

T’hromj^i must be distinguished from the coagula tliat 
form alter death, and also from those formed in the last 
moments of life which arc so commonly found in the 
cardiiio cavities. Post-mortem coagida are soft, and are 
often divisible into two layers, coloured and nncolourcd ; 
they do not adhere to the walls of the vessel, and rarely 
completely fill its cavity. Tlio clots formed in the heart 
just before death constitute a connecting link between* 
post-mortem coagula and thrombi. They are more or 
less decolorised, and are firmer in consistence and more 
fibrinous thali post-mortem clots. They are not firmly 
adherent to the cardiac walls, but are often so entangled 
amongst the column® came®, chord® tendine®, and 
papillary muscles, that they cannot be quite rea4Jly 
separated They appear to be the result of the mechani- 
cal defibrination of the blood by the cardiac contractions 
a little 'w^le before death; the contractions not being, 
sufficiently strong to empty the cavities* some of the 
blood remains behind, and becomes “whipped up” and 
defibrinated. These clots are most common in the right 
cardiac cayiii^* and they often extend some way into the 
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ptllmonary artery, from which, however, they can very 
readily he removed. They are met with most frequently 
in those cases in which the death -strugi^le has been pro- 
longed, and in wliich there has been a gradual loss of 
power in the cardiac contractions. The proportion of 
fibrinogen ous substance in the blood will also materially 
influence the extent of their formation. % 

A thrombus, or aiiite-mortem clot, is fln&er, dryer, an_d 
more fibrinous than either of. the preceding, and it is 
adherent to the walls of the vessel. Its characters, how- 
■ever, vary with its age, and with the circumstances under 
which it originates. When freshly-formed it is of a dark 
red colour and soft gelatinous consistence, closely re- 
sembling the post-mortem clot. It gradually becomes 
paler, dryer, less elastic, and more friable. If it is 
rapidly produced — as when the circulation is suddenly 
arrested in a portion of a vessel by the application of a 
ligature — the coagulum at once completely fills the vessel, 
and as it becomes firmer it maintains a more or less 
uniform structure. Thrombi, however, which have under- 
gone a slow and gradual formation, are rarely thus 
uniform in structure, but are made up of numerous con- 
centric layers, and so present a stratified appearance. 
This is owing to the coagulation taking place gradually 
upon the inner surface of the vessel, and to the white 
corpuscles adhering to the successive layers of coagulum. 
These corpuscles, from the property which characterises 
them of fulheving to one another and to the sides of the 
vessels, and especially to any porous substances with which 
they may come in contact, cohere with the fibrinous layers 
as they are deposited ; so that ultimately the thrombus is 
imade up of layers of fibrinous coagulum white 
‘corpuscles more or less alternately and concentrically 
t arranged. This gives to it a stratified appearance. 

The thrombus may completely or only partially fill the 
cavity of the vessel. In most cases, however, when coagu- 
lation has commenced, it proceeds until the vessel k 
obstructed, and when once this has occurred, the forma- 
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tion of tlie thrombus continues to extend in the course of' 
the vessel until it meets with a current of blood strouf? 
enough to arrest its progress. Its ultimate extent will 
thus mainly depend upon the vessel in which it is formed, 
upon the sise and situation of the collateml branches, 
and upon the force of the circulating current. The 
direction in which the coagulation principally extends, 
whether in the arteries or veins, is consequently back- 
wards, from vessels of smaller to those of larger calibre ; 
the formation of the thrombus continuing until it meets 
with a current sufficiently strong to restore the circula- 
tion, which in many cases is as far as the entrance of 
the next large collateral vessel. The end of the thrombus 
next the heart is rounded and conical in sliape. (See 
Fig. 129, c.) 

The thrombus when once formed cither becomes 
organised or softens. 

Organkation . — This is most frequent in the uniform 
non -stratified. thrombi, and especially in those occurring 
in arteries. The process consists in the gradual transfor- 
mation of the thrombus into connective tissue. A 
thrombus which is undergoing a process of organisation 
gradually diminishes in size, it becomes more and more 
decolorised, firmer and more fibrous in consistence, its 
union with the wall of the vessel becomes more intimate, 
and ultimately it becomes converted into a fibro-cellular 
cord. These changes are probably principally owing to 
the white blood-corpuscles which it contains. 

Soon after the formation of the thrombus the number 
of young cells in it becomes greatly increased. In a 
somewhat more a>dvauced stage the red blood-corpuscles 
almost qptirely disappear, the clot becomes firm and 
homogeneous, aJ!d in addition to the small round 
elements, numerous anastomosing spindled-shajrjed cells 
make their appearance. (Fig. 127.) The intercellular 
material then becomes fibriUated, the walls of the vessel 
become infiltrated with cells, and numerous new blood- 
vessels are farmed which intersect the thrombus in all 








St^cUon of an Arterial Thromlms Tliirti/^seven DayR Old. 
a. New blood'VceselH. b. Leucocytes and auastomosing 
colls. (Ibfuiiioisclj.) ‘ 

(Fig. 128.) The vascular fibrillated struchire into which 
the thrombus has become organised gradually undergoes 
a process of atrophy and contraction, the new vessels 
disappear, and ultimately it becomes converted into a 
fibro-cellular cord. In some cases it becomes calcified, 
and thus forms a phlebolith. 

Respecting the source from which the large number of 
new cells which make their appearance in the thrombus 
are derived — it appears to be probable that they originate 
partly from the white blood-corpuscles, and partly from 
the endothelial and connective-tissue cells belonging to 
the walls of the vessel. Recent researches tend to show 
that the endothelium takes a prominent pa:(t in the 
process. Whether, however, they are all of the&i the 
ofEspring of these elements, or whether some of them 
may not be leucocytes which have penetrated i*rom with- 
out, is unknown. From these small cells the elongated 
connective-tissue cells are produced. The exact source 
from which the fibrillated intercellular material is de- 
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rived — whether the intercellular coagulum itself fibrillates, 
or whether it disappears and the fibres are derived from 
the protoplasm of the cells — ^is uncertain. 


Fio. 128 . 



LonffUmliml Se<'-thn of the Litjatnred End of the Crural 
Arti^'y of a Dog^ jlfty Days aj'tcr the Application of the 
Liyotvre. Sliowiiij? the newly-formed vcsflols in tho 
thrombus and their cominimicatiou with the vasa vaso- 
rum. Th. Thrombus. M, Muscular coat. Z, Bxtoraal 
coat and vasa vasoriim. 20. (0. Weber.) 

SaQefi ^, — If the thrombus does not become organised, 
it usually undergoes a process of softening and liqi^- 
faction. X^is i s m ost common in stratiJGed thr<^bi, and 
especially in those occurnng in the veins and heart. It 
is probal^e ^also that in some cases the thrombus may 
become completely absorbed; a partial absorption is 
quite frequent. The softening usnally commences in 
the centre of the clot, and gradually extends towards the 
droiunfereoce. * The thrombus breaks down into a soft 
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piilpy material, which aometimcft has the appearance of 
pounded cooked meat, and in other cases to the naked 
. eye looks much like pus. Under the microscope, how- 
jever, it is seen to consist merely o^lbiiminous graniilcs, 
molecular iTat, ani^inore.jftr leJ^alhHX'd 
blood-corpuscles, lliesc changes in the clot are owing 
simply to its disiiitcigratiou ; but it is probable that in 
some quite exceptional cases the thrombus may sup- 
purate, and that owing t*n the proliferation of the white 
blood-corpuscles which it contains it may become con- 
verted into true pus. Pus, it must be r<uncmbcred, may 
also enter the softened thrombus from without. Tlic 
whole of the thrombus may thus become softened, or the 
process may be .limited to the more central portions, 
whilst the external layers become organised. Very fre- 
quently as the older x>ortions of the clot are becoming 
disintegrated and softened, fresh coagulation takes place 
at its extremities. 

Thrombi may also become perfprajnjsd b/ openings 

rough w'hich the circulation is rc-cstablishipd. This 
may occur in organised or partially softened thrombi, 
and constitutes what is known as canalkation of Ujie 
thrombus. 

Causes. — ^^The causes of thrombosis are of two kinds — 
those which lead to a retardation of the blood-flow, and 
those in which there is some abnormal condition of the 
walls of the vessels or of the bhx)d. 

1. Tfiromhosis from Uetardation of the Blood-flow may 
result from — 

< 1 . or jiarrqwimg of tliejvessel . — This occurs 

after"*tEe application of a ligatiire. ^Coagulation com- 
mences at the point of contact, and extends a| far as the 
first large collateral brauches, thus fermanently closing 
the \eBsel. The laceration of the inner coat of the artery 
by the ligature, and the folds into which is thrown, 
contributes very materially b) the adhesion of the clot. 
The pressure exercised by tumours, cicatricial tissue, 
extiWasations of blood, and the closure«of a vessel by 
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tbe impaction of an embolnss, may in the same way by 
impeding or arresting the circulation cause thi’ombosis. 
General obstruction in the capillaries of a part also causes 
coagulation in the odjjicent veins. 

/3. Solution the nontinuUy of ilio vesacl. — The forma- 
tion of a thrombus after the division or tearing of a vessel 
constitutes the means by which haemorrhage is imme- 
diatoly arrested- there must bo cither thrombosis or con- 
tinuous luemorrhage. In the arteries, the severe<l end of 
the vessel contracts and retracts within its sheath, coagu- 
lation commericos around it and extends upwards as far 
as the lirst large collateral branch. In the veins hienior- 
rhage is frf'quently arrested by the valves, and the forma- 
tion of a thrombus will evidently depend upon the rela- 
tive situations of the valves and collateral vessels. The 
ha)morrhage from the uterus after the separation of the 
placenta is arrested either by uterine contraction or by 
thrombosis. 

y. ViJu taUan of fhc vesseh^ or of Jlie heart — -The most 
familiar example of thrombosis from this cause is that 
which occurs in an* aneurism. The greater the amount of 
dilatation the gresiter is the retardation of the blood-flow. 
Tlie coagulation commences at the sides of the vessel, and 
may extend until it completely fills the cavity. Coagula- 
tion from the same cause is not uncommon in the dilated 
plexuses of the prostate gland. In the heart., thrombosis 
is most frequent in the auricles. It usually commences 
in th e auricular appendix, where there is very little pro- 
pulsive power, and it may gradually extend into the auri- 
cular cavity. It is also met with in the ventricles, com- 
monly commencing here between the colnmnae carneaa. 

d. Vimi^ishe^cardiac y wer, — This is a common cause 
of thrombosiTin Itife veins. The coagulation commences 
just behind tbe flaps of the valves, from which it gradually 
extends intef the cavity of the vessel. This appears to he 
owing to the force of the current not being euflicientiy 
strong to completely open the valves, and the blood con- 
sequently stagnates and coagulates behind. them. .The 
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crural and iliac veins, the venous plexuses of the back, 
and the cerebral sinuses, arc the situations in which 
thrombosis from this cause is most frequently met with. 
It occurs in the course of many chronic exhausting dis- 
eases in which the cardiac power becomes diminished, and 
is especially frequent iu' phthisis, cancer, &c. The state 
of the blood, which often has an abnormal tendency to 
coagulate, together with the quiescent condition of the 
patient, materially aid in causing the coagulation. 

2. J'hrnrnhvs'iit from Abnormal C audit iom of the Vessels 
or of Ihn JHuod. 

a. pansies hi the vrssels . — Any abnormal condition of 
the walls oi‘ a vessel may be a cause of thrombosis. When 
tlie well l)ocom(;.s abnormal it acts as a foreign body and 
the 1)Io<m1 cofigulatcs upon it, and it may continue to do so 
until the cavity of the vessel becomes filled with coagulum. 
Thrombi produced in this way are consequently stratified. 
The walls of a vessel may become altered as the result of 
infiammutory processes, and infiammation was formerly 
regarded as the main, if not the only, cause of thrombosis ; 
hence thiombosis in veins is frequently termed “phle- 
bitis’* even at the present day. Inflammation of veins, 
as already stated, is certainly rare as a iwlmanj condi- 
tion, although it not unfrequently results from the forma- 
tion of a thrombus. When occurring primarily, inflam- 
matory i)roce8scs, both in tho arteries and the veins, have 
their seat in the external and middle coats or in the 
? deeper layers of the intima. Tliey never commence in 
{he lining membrane of the vessel ; this only becomes 
affected secondarily. The vitality of the lining membrane 
Incomes impaired as the result of tha inflammatory pro- 
cess, and when this has occurred it acts a# a foreign 
body, /and thus there is a tendency for the blood to 
coagulate upon its surface. In other cases the lining 
membrane is completely destroyed, and the subjacent 
diseased tissues thus come into contact with the circu- 
lating blood, and in the same way cause the formation 
of a thrombus. Such inflammatory changes occur in 
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the arteries, constituting the condition known as “ athe- * 
roma,” which, in the smaller vessels, may be a cause of 
thrombosis. In the ^eart they constitute endocarditis; 
and here also, as has been seen, coagulation may take 
place upon the abnormal surface of the inllammatory 
vegetations. (See “ Kndocarditis.”) 

The walls of a vessel may also become altered, and thus 
thrombosis result, from inflammation or gangrene of the 
tissues in which it is situated. The vitality of the vessel 
becomes destroyed and the blood coagulates witliiri it ; 
and by this means tlic occurrence of haunovrhage is fre- 
quently prevented, 'fhe projection of new formations, as 
sarcoma, into the cavity of vessels, may in the same way 
cause the formation of a thrombus. 

/3. CatiscH in the blood . — There can bo no doubt that 
certain conditions of the blood favour Ci>agiilation, and 
consequently tend to promote the occurrence of throm- 
bosis. The phenomenon of blood-coagulation has been / 
shown by* Professor A. Sebmidt to depend upon the*"^ 
white blood-corpuscles, and it is well known that, under '* 
certain circumstances, an increase in the number of these ' 
corpuscles in the blood favours the formation of thrombi. 
Such an increase is frequently met with in inflammatory 
processes which involve largely the lymphatic organs 
(leucocytosis). It is probable that other conditions of 
the blood, such as a loss of its serum, and alterations 
produced by fevers and by septic poisons, may also favour 
coagulation. (See “ Septicaemia.”) An increased ten- 
dency of the blood to coagulate has long been known to 
exist in many acute inflammatory diseases, and in the 
latter months of prggnancy. 

An increased tendency of the blood to coagulate, to 
whatever Sircumstftuces it may be due, is, however, 
probably never suflicient in itself to determine the forma- 
tion of a thfirombus ; it can hence only be regarded as a 
predisposing cause. It is especially in those conditions 
in which the circulation is impeded from dimimshed 
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cardiac power, that it becomes an important agent in 
producing thrombosis. 

Rlsults. — ^Tie results of thrombosis comprise certain 
changes in the walls of the vessels^ more or less obstruc- 
tion to the circulation, and embplisni. These must be 
considered separately. 

1. Chaufjes in the veasels , — ^More or leas alteration in 
the wall of the vessel is an invariable consequence of the 
formation of a thrombus. When the thrombus under- 
goes a process of organisation, it becomes, as already 
described, iutiniately united with the vascular wall. The 
latter in the lirsfc place becomes infiltrated with cells and 
considerably thickened, but ultimately, together with tlie 
thrombus, gradually atrophies. It is when the thrombus 
softens and becomes disintegrated that the most impor- 
tant changes take place in the vessel. 'Fhese changes are 
of an acute inflammatory nature, and appear to result 
from the irritating influence of the softened thrombus. 
They are most frequently observed in the vtfius, where 
softening Is most liable to occur. 

The walls of a vein within which a thrombus is soften- 
ing are considerably thickened, so that the vessel more 
resembles an artery. The inner surface has lost its 
translucpncy, and is of a dead opaque colour. The vasa 
vasoruin are hypenxunic. Under the microscope, the 
c,ells of tlu3 iutima and of the middle and external coats 
arc found to be considerably increased in number, and 
numerous leucocytes are seen infiltrating the different 
textures. In some cases small collections of pus are seen 
in the external coats. Similar changes are observed in 
the arteries. 

In these acute inflammatory changes which are pro- 
duced in veins by thrombi, proliferation of tfie endothe- 
lium of the vessel often appears to play a prominent part. 
As already stated, in inflammation of vessels not resulting 
from thrombosis, the endothelium undergoes no active 
changes. 

2^ 4j6s(/ruction to the circulafton.— The ^nsequences of 
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the obstruction to the circulation which results from the ’ 
formation of a thrombus will depend upon the rapidity of 
its formation, the nature and size of the vessel obstructed, 
the situation and number of the collateral branches, and 
the force of the circulating current When a thrombus 
forms in a vein of small size and there are numerous 
collateral vessels, as in the prostatic or uterine ijlexuses', 
the circulation is but little interfered with and no symp- 
toms of obstruction result. If, however, the main trunk 
of a large vein becomes obliterated, as that of the femoral 
or iliac veins, the obstruction is followed by hypenmnia, 
the extent and duration of which will depend upon the 
facility with which the circulation can be restored by the 
collateral vessels. Thrombosis in the above-named veins 
frequently occurs, as already stated, in the latter stages 
of many chronic debilitating diseases, especially in 
phthisis ; also in the puerperal state, where it gives rise 
to the condition known as ^^hleymasia dolens. The for- 
mation ot* a thrombus here is followed by cedema and 
swelling of tbe limb, which becomes tense, clastic and 
painful. In the early stage there may be some cyanosis, 
but this is usually quickly followed by a pallid whiteness 
of the surface. There is often more or less tenderness in 
the course of the vein, which feels enlarged, hard, and 
knotted, owing to the secondary inilammatory changes 
in its walls. At the same time there is sometimes 
swelling and tenderness of the lymphatics, which may be 
seen as red lines traversing the limb. Diffuse inflamma- 
tion of the skin and subcutaneous cellular tissue occasion- 
ally occurs. These changes are owing partly to the 
mechanical impediment to the circulation, and partly to 
the obstruction of lymphatics and to the secondai^ 
inflammatA-y processes in the vein and tissues which 
ensue. The circulation is nsually ultimately restored; 
but if the kni>ediment has been of long duration, the 
tissues become thickened, and the limb is left in a hard, 
indurated, and somewhat enlarged condition. 

: The formation of a thrombus in an 'artery is followed 
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in the first place by ansemia of the parts supplied by it ; 
the ultimate result will depend upon the facility with 
which the circulation can be restored by the collateral 
vessels. If the circulation be quickly re-established, as 
is usually the case, the vitality of the tissues may not 
become impaired.; but if not, the part may undergo a 
process of molecular disintegration and softening, the 
softened tissue often being surrounded by a zone of 
hyporaomia which results from the attempt to establish a 
collateral circulation. 

3. Eniholisrfi. — P(jrtions of the thrombus may be carried 
away by the circulation, thus constituting embolism. 
This, which is the most important result of thrombosis, 
will be considered in the following chapter. 



CHAPTER XLV. 


h:MBOLTS^[. 

Kmbolis^t irf the arrest of solid suhstances circulating in 
tlic blouil in vessels Avliicli arc too small to allow tlicJii to 
pass. Tlic solid substances are termed eitihtdi. These 
are very various in their nature. 

J»V far the most fre>|uent source of emboli are thnuuhi, 
portions of whicli arc curried from the seat of their her- 
niation by the circulation, and become arresh',d in distant 
vessels— thus constituting embolism. A thrombus may 
give rise (jmboli in various ways, ft may soften and 
breakdown, and if the lumen of the vessel be thus restored, 
its fragiueuts become distributed by the blood- (uirreut. In 
those cases in which the thrombus does not till the vessel, 
portions of it may readily he carried away l.»y the Idood 
passing over it. Perhaps, however, the most frecpient way 
in which a thronibu.s gives rise to embolism is by its conical 
end being broken off by the current of blood from a col- 
lateral vessel. The formation of a thrombus, as alrtvady 
described, usually ceases opposite the entrance of a large 
collateral vessel, and if its conical end project a little way 
into the cavity of this vessel it may be readily broken off’ 
by the blood-current. (Fig. 12!).) It is especially venous 
thrombi which givefrise to embolism: the veins of the 
the iliac, h^jogastri^, and jugular veins being amongst the 
most common sources. Emboli from cardiac thromlu are , 
also exceodiilgly common, whilst those from arterial are 
the least frequent. In embolism originating in thrombosis 
some sadden movement or exertion often determines the 
separation of the embolus. 
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Emboli may, however, originate independently of 
thrombi: — vegetations and calcareous or atheromatous 
masses separated from the valves of the heart, or from 

Fio. 129. 



A Thromhm hi the Saphetunts Vein. Bho^ving the pro- 
joctiou of the couical end of tho thrombus into tlio 
ft'nornl vessel. * S. Saphenous vein. T, TJirojnbiis. 
l\ vJonical end projt ctiug into femoml vein. At v op- 
posite the valves, tho thrombus is softened. (Virchow.) 

the inner surfaco of arteries ; portions of new growths, as 
carcinoma, which having perforated the vessels, have been 
carried away by tlie current ; parasites which havo made 
their way into the interior of vessels ; jpigment granules, 
and other substances, may all constitute emboli. 

The^ emboli become arrested in the first vessels they 
meet with which arc too small to allow them to pass : 
the size of the vessel will consequently depend upon the 
of tho embolus. They are often sb minute that they 
pass into and become impacted in the^smaUes^^ capillaries. 
The seat of impaction is usually at the bifurcation of the 
vessel, or where, from the giving off of tvanches, the 
calibre is diminishing rapidly. (See Fig. 13d.) Thus 
emboli originating in the systemic veins or in the right 
cardiac cavities, will most commonly become arrested in 
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the vessels of the lungs ; those originating in the arteries, 
the left cardiac cavities, or the pulmonary veins— in the 
systemic arteries and capillaries, especially in those of 
the spleen, kidneys, and brain; and those originating in 
the portal venous system — in the hepatic branches of the 
portal vein. In some cases, however, the smallest emboli 
may pass through the capillaries of the lungs and become 
arrested in those of tbe kidneys, spleen, or other organs. 
Thus, with the exception of emboli originating in the 
portal vessels, the seat of arrest is the arteries or 
capillaries. 

The emboli are usually carried in the direction of the 
main current; hence those carried by the aortic stream 
more commonly pass into the thoracic aorta than into 
the carotid and subclavian vessels, and into tlic left carotid 
and renal artery than into the corresponding arteries of 
the opposite side. Clravitation also influences tbe direc- 
tion in which they are carried, espe(aally those of large 
size, which nnove somewhat more slowly than the blood- 
stream. Owing to tliis they are more common in the 
lower lobes and posterior parts of the Inngs than in the 
su}>erior and anterior portions of these organs. 

The embolus, when arrested, may either completely or. 
only partially fill the cavity of the vessel. If, as is fre- 
quently the case, the arrest takes place at a point of 
bifurcation, the embolus may partially fill both branches, 
allowing a small stream of blood to pass. This may 
break off portions of it, and so cause secondary emboli, 
which become impacted in more distant vessels. The 
amount of obstruction which immediately follows the 
arrest, will partly d^end upon the nature of the embolus 
itself. If the embolus be from a soft, recently formed* 
thrombus, it will adaf»t itself to the cavity of the vessel, 
and so completely occlude it. If, on the other hand, it is 
irregular in sHape and firm in consistence, as when derived 
from a calcified cardiac vegetation, it may not fill the 
vessel, but allow a small current of blood to pass it^ 

The arrest of IJie embolus and the consequent obstruc- 
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tion to tlio circulation, is followed by the formation of 
thrombi );ohin<l and in front of it, which extend as far as 
the entrance of the first larj'c collateral vessels. (Fig, L‘10,) 
T f the i*in bolus does not completely till the vessel, coagulum 
is deposited in successive layers u[)on its surface until the 
occlusion of the vessel is cornplcio, and then the secondary 


Vio. 1.30. 
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}lmhoh(^ hnjincftif af ih<' flifftrratiov of a liravcfi 
of llic t*nlunmoin Jrli rtf. llh‘ fovniaiiou 

(if ln'liiriil .uid in front of it, nml tin* ov- 

of tlicM,* as far as llu* I'nlranci* of tlio 
i'ollati’ral vossrls. K, Kmbolud. i t\ Tlirouibi. 
(Vircbinv',) 


tlironibus extends, as hi the former case, until it meets 
with a current of blood strong enough to arrest its pro- 
gress. 1 f the embolus is a portion of a soft thrombus, it 
will iu most cases bo impossible to distinguish it from the 
secoinlary thromhus which surrounds it. If, however, it 
is a calcareous mass, or a portion of an old thrombus, 
it may usually ho distiiiguishod from the more recent 
*1*econdary coagulum. 

Kmboli may, in rare cases, beedme absorbed. They 
may also, when derived from thrombi, become organised 
or soften. Tb© changes in the secondary' thrombi are 
similar to those already described as occurring in tbe 
primary, — comprising adhesion to the wall of the vessel, 
softening, and organisation. ^ 
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Rksuits. — Tlio results of emholism arc of two kiruls — 
those dependiiif' upon the mcchunioal obstruction to the 
circalatitm, arul those produced l»y the irritatiug or 
infective properties of the emboli themselves. (See 
“ ryjomia.”) 

Chaiujos the Ohstfmt'ird Fe.s*ifc?s\- -The hvst scries of 
changes are those occurring in tlitj walls of the vessel 
within which the einbohis becomes arrested. T'hese 
changes de[)eTKl upon the mechanical and chemical [»r()- 
perties of the embolus, if the embolus posscsst^s no in- 
fective properties, being derived from a source where no 
putrefactive changes are taking place, it, togfitluT with 
the thrombus which it causes to form around tind beyond 
it, usually becomes organised or real)s<n*lH‘d, and the 
walls of the vessel become more or le->s Ihickcnied, (ir, if 
the embolus has rougli surfaces, as when derived from a 
calcareous vegetation in the heart, it may produce some 
inilainmation of tlie vessel. AVheu, on the other hand, 
the erabolws is impregnated with inihi*aUhy pnis or with 
other putrid intlammatory products, it is very liable to 
cause gangrenous iutlamuuition and slouglilngof the walls 
of the vessel within which it is imj>actHd, wJiicli may 
extend for some distance iuto ilu^ surrounding tissues. 

The vessels also undergo important changes, owing to 
the arrest of the circulation. Tlicsc changes have been 
investigated by Cohnheini, and have already been alluded 
to in the chapter on Jntlanu nation.'* Cohiiheim found 
that the exclusion of the bhn^d from a vascular region for 
a sufficient length of time i^roduced so much impairment 
of the vitality of the vascular walls, that when the blood 
was again allowed to circulal/C, the vessels dilated, tho 
blood-Uow was retarded, and the Ihjuor sanguinis aiM 
red and white bldbd-corpu.sclcs escaped into the sur- 
rounding tissues. An arifest of the circulation for a still 
longer x>eridd was followed by cajnllary hmrnorrhages, 
and ultimately by necrosis of the vessel. 

Allusion must be made here to embolism as a cause of 
aneurism. That aneurisms, especially of the cerebral 
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arteries in young people, arc often due to embolism is 
now pretty generally admitted by pathologists. With 
regard to the mode in which the embolus causes dilata- 
tion of the artery, although this may differ in different 
cases, an injurious influence of tlie embolus upon the 
walls of the artery, and a consequent inflammatory 
softening of the vessel, is probably the most common 
condition. 

Chamjes in the Oirgan . — Important changes take place 
in the organ or tissue, the vessels of which have become 
plugged ]>y the einbolus. I'he first effect of the plugging 
of a vessel by an embolus, is the arrest of the circulation 
through it, and if tho vessel be the main nutrient or 
functional artery, this is followed by the sudden cessa- 
tion of tluj function and nutrition of the part. Thus, 
plugging of one of the larger arteries in the brain is fol- 
lowed by sudden loss of consciousness and paralysis 
(apoplexy) ; plugging of the pulmonary artery, by sudden 
asphyxia; and of tho coronary arteries, by sudden 
paralysis of tho heart. The subsequent changes will 
depend upon the structure of tho organ, the arrangement 
of its vessels, tho facility with which a collateral circula- 
tion can be established, and the nature of the embolus. 
If the civculiitiuu bo quickly restored by tho collateral 
vessels, a sutlicicut arterial anastomosis being established 
behind the ubstrncted artery, the part recovers itself 
mthout undergoing any structural change, and its nutri- 
tion ,and functions are rcstt>red. If, however, this is not 
the case, the walls of the obstructed vessels become so much 
damaged that exudation and emigration take place, and the 
vessels and surrounding tissues may ultimately lose their 
fitality. The interference with the circulation is partly 
duo to the thrombosis which occurs jh’ound the impacted 
einbolus. The organs in which the arrangement of the 
blood-vessels is such that the circulatioii cannot be 
readily restored by the anastomosing vessels, and conse- 
quently those in which necrotic changes most commonly 
rosnlt from embolism, are the spleen, tl^e kidneys> the 
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langs, the braiui and the retina. These arteries with 
which anastomoses do not exist are called by Cohnheini 
“terminal” arteries. 

'Phe area of tissue from which the supply of blood has 
been cut off is usually surrounded by a zone of intense 
hypcra3nna, which results from the stress which is thrown 
upon the collateral vessels. This zone of hypenomia is 
very characteristic, and indicates at once the nature of 
the lesion. When, .owing to the absence of sufficient 
arterial anastomosis (when terminal artt^ries arc* blocked), 
the circulation cannot bo restored, the vessels in the 
embolic area become so much altered that exudation, 
emigration, and baunorrhage take place, and thus is pro- 
duced a tract of tissue within which the circulation has 
become arreiited, and which is more or less extensively 
infiltrated with blood. This is known as a kamorrhmjio 
in/drcL 

n^'hose haemorrhagic infarcts are very frequently met 
with, especially in the lungs, s])lecu, and kidneys. They 
arc blackish-red, firm masses of consolidation ^ and owing 
to the distribution of the blood-vessels they are usually 
wctlge-shaped, the apex of the cone being towards the 
centre of the organ. The more complete tlic obstruction 
and the more vascular the tissue, the greater is the 
amount of infarction, and the 'more rapid is the softening 
and disintegration that ensues. (Fig. 131 .) 

This vascular engorgement of the embolic area was for- 
merly supposed to be due to the increased stress which is 
thrown on the collateral vessels. The investigations of 
Cohnheim, however, show that it is really mainly owing 
to the impairment of the vitality of the walls o£ the 
blood- vesf^els, and the consequent exudation, emigration, 
and ultimate necrosis of the vascular wslls. When the 
force of the blood-stream in the artery is annihilated by 
the impactidn of the embolus there is a backward pres- 
sure and regurgitation from the veins into the capillaries, 
80 that there is produced considerable venous engorge- 
ment of the laBt-named vessels. There is thus a substi- 
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tiition in capillarifis and email arteries of venous for 
arterial blood, and owing to this the vitality of these 
vessels becomes impaired, and luernorrhago results. The 
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inbirctioii consequently does not occur immediately after 
the impaction of the embolus, but only after the lapse of 
a certain time. 

The siibi^equent changes which tube place in the infarct 
depend upon its size, upon the extent to which the circu- 
lation in it is interfered with, and upon the nature of the 
enibolua which caused the infarcti(.»n. If the infarct is 
suiaH and the eml)olus |>ossesPos no infective properties, 
th? coagulated blood may gradually become d^^^olorised, 
and the mass undei’go a gradual process of absorption. 
The infarct then changes from a dark red to a brown or 
yellow tint, its more external portions become organised 
into connective tissue, and the whole gradualiy contracts, 
until ultimately a cicatrix may be all that remains to 
indicate th'6 change. If, however, the infas^ction is con- 
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sidcrablp, the molecular disintegration and softening may* 
he so extensive as to convert the mass into a pnlj)y 
granular material. This may siibserineiitly dry up and 
hoconie en capsuled. In all tlies** secondary changes 
which take place in the iiiFarct. its most external portions 
are surrounded by a red zone of hy[n‘neiuic tissue. Thus 
is exceedingly characteristic. 

If an om hoi ns possesses irritating or infective |)ropor- 
ties, as \vh»*u it is i+orived from a part where putrefactive 
inllaniinatory changes are going on, it sets ii]) inllainma- 
t(U’y pr«M-esses both in the vessel within which it becomes 
impacted, and also in the snrr<»inidiug tissues, 'riiese 
inflauiuiatory clianges freipiently lead to the fonnatiou 
of ^Jb^c(‘ss(^s, which are known as vmhofic , (See 

Pya inia.”) 'riie formation of such abscesses may he 
associated with more or less infarction of the embolic 
arcji, **** 


TiiaoMBOsts Axn emuoijsm of tuk miAix. 

^riivomhosis and embolism arc the most common causes 
oi ccrch'ul 

Softenhiff from Throinhms . — This is commonly the 
result of atheromatous or calcareous changes in the ccre- 
hj'iil arteries. Such changes cause a diminution in the 
lumen or a roughening of the lining membrane of the 
vessels, impair their elasticity and contractility, and so 
favour tlie occurrence of thrombosis. As a result r)f the 
interference with the su])ply of blood, the cerebral sub- 
stance undergoes a more or less rai>id process of fatty 
degeneration aryi softening, sucli as has been already 
describee^ (See “ Fatty Degeneration of the llraiR.”) 
The softened porlions when recent, and when the ob- 
struction is rapidly induced, are often of a reddish colour, 
although with age they gradually become decolorised. 
In the more gradually induced obstructions the colour of 
the softened tissue is usually white. 

Softening from Emboli»tn , — The softening resulting 
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from embolism is, for the most pari, entirely dependent 
upon the obstruction to the circulation caused by the 
embolus ami by the resulting thrombosis. It is rapidly 
induced and is often attended by the extravasation of 
blood, when it constitutes one fonn of acute red soft<m- 
ing. If the interference with the circulation be slight, 
there may he no extrfivasation of blood and the process 
of ^lisint<?gration may ho more gradual, so that the 
softened poHions are white in colour^ and the condition 
then more resembles tlm chronic white softening already 
described as resulting from degout‘ration of the cerebral 
blood-vessels. (See “ Fatty Degeneration of the Brain.’’) 
The softened tissue will also bo white in colour when one 
Of the large vessids is obstructed, so that a largo portion 
of one h(*niisplioro los(is its vitality. The vessel most 
frequently bloelced is the middip cerebral artery, in some 
part of its course ; and in the majority of cases it is tliat 
of the loft side. In almost all cases in which softeping 
of the ccrehrsil suhatauce results from embolism, the 
embolus is arrested in one of the vessels beyond the 
circle of Willis, because here the circulation cannot be 
readily resiored by the collateral vessels. 

When the interference with the circulation is attended 
by vascular engorgement and extravasation of blood, the 
softeijcd port km, in the early stage, is either of a uniform 
dark -red colour, or presents mimorous red hmmorrhagic 
points. 'I’ho softening is most marked in the centre, 
whilst the hypermmia and redness may extend for some 
distance around it. Under the microscope, the softened 
portion is seen to consist of broken-down nerve fibres, 
altered blood-corpuscles, granules of faj, ami the large 
griftiular corpuscles which result from the fatty jjogenera- 
tion of the nerve -cells and of the colls *bf the neuroglia. 
(See Fig. 11.) The eiirrounding capillaries are dilated 
and filled with coagula, and the granular Corpuscles 
envelop their walls. lu a more advanced stage all trace 
of nervous structure is lost, the softened mass becomes 
decolorised, and passes from a dark-red colccir to achoco- 
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late, brown, yellow, or even white. It may li(inefy anti 
form a cyst ; more commonly, however, it gradmilly dries 
np, and a process of repair takes plaoo by the growtlx of 
the sarronndiug neuroglia, wliich forms a fibrous net- 
work in the place of the softened tissue. ^Phis contracts, 
and ultimately a cicatrix with ha'iiiatoidiii crystals may 
be all that romuina. 

Bod softening from embolism is often very difficult to 
distinguish in the post-mortem room from that which 
results from ihronmosia. 



CHAPTER XLVL 


LKLn</TCMIA. 

LEUK.Ti:Mr\, or l(wocytlifnmia, a disease cLavacterisecl 
by a lar^o increase in tlio ninnber of the white eorj)nscle8 
in the blood, which increase is associated with a now 
formation of l^'inphatic tissue in the spleen, in the 
lymphatic }:,dands, and sometimes in other organs. 
Respect ing the relation which subsists bet weep the 
new growth of lymphatic tissue and the increase in the 
number of the white blood-cor^mscles— it is i)fobable, 
as stated by Virchow, that the former is a cause of the 
latter, and that tlie increase is rnaiidy due to a larger 
nuinher of lymidiatic elements entering the blood than 
in health. At the same time it is difficult to admit this 
as ihe only cause of the increase, as new growths 
of lyiiipliatic tissue may take place in these organs 
without file production of any leukamiia. This has 
boon seen to occur in Hodgldn’s disease. It is pos- 
sible that the power of the \vhite blood-corpuscles and 
lymphfDorpii soles to form red coq>uscles is diminished, or 
that the white corpuscles may increase by multiplication 
in the blood. The pathology of the disease, however, is 
stil^ obscure. ^ 

The new formation of lymphatic tisf^io occfurs in the 
spreen or in the lymphatic glands; and subsequently 
the liver, the kidneys, the intestines, the lungs, Und other 
organs, may become infiltrated with lymphatic elements. 
The growth is a continuous one, the new elements many 
of them enter the blood, the remainder, nqjb undergoing 
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any retrogressive duinges, give rise to a general increase 
in the size of the organs in which they are gencratoil. 

As tlie new growth may occur in the spleen or in the 
lymphatic glauvls, Viriihow has tlistinguislie4l two forms 
of hnilciomia — the splenic ami the lyin]>hatic. In the 
former the v/hite hlooJ-eells are somewliat larger and 
more granular than normal (Fig. loid) ; wliilst in the 
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latter they are smaller. In most cases of the disease, 
however, the sjdeeii is the organ principally involved. 
Often the spleen and the lymphatic glands are simul- 
taneously affected. A purely lymphatic leukunnia is 
exceedingly rare. ^Hie coagulating power of the l»lood 
in leukiemia is much dimini.Nhed, and when the lapiid is 
allowed to stand the white corpuscles form a creamy 
layer upon its surtace. 

Ill the tf^ihea — which iriust thus be regarded as much 
the most importaut organ in the productiou^of len- 
kiomia — the change is characterised mainly by incroase<l 
growth. The organ bt^comes enlarged, and often enor- 
mously so. Pts cut surface often presents an aknost 
naturaP appearau ce. The trabecula), however, are u sual ly 
thickened, so as to .appear a.s white lines scattered 
throughithe organ; and the Malpighian corpuscles are 
commonly rather large and prominent. The capsule is in 
many cases natural, in others, more or less tliickened. 
Sometimes Jthe cut surface is mottled with pale wedge- 



41'^' CHANGES IN THE StOOD AND CIRCULATION. 

shaped patches which appear to be of embolic origin. 
Under the microscope the sjdenic tissue is seen to be 
but little altered, the principal change consisting in an 
over-fulness of the blood-vessels with leukmmic blood. 

In the lymphatic glands the process is similar to that 
in the spleen, and the glands become enlarged and 
vascular. 

In some cases this excessive development of lymphatic 
structures takes place in other parta^ The follicles of 
the intestine, and tlio medulla of bone, are those most 
commonly involved. In the intestines, the follicles 
may become so much enlarged as to form distinct firm 
tumours ; and the medulla of bone is, according to 
hTeumann, in exceptional cases the principal seat of the 
diseased process. 

In the course of the disease a new growth of lymphatic 
tissue or an infiltration with lymphatic elements usually 
takes place in non-lymphatic structures, principally in 
the liver and kidneys, less frecpicntly in the lurj^gs and 
muscle. The new growth in these organs sometimes 
forms distinct tumours, but much more commonly exists 
as an iji filtration. How far these lymphoid growths 
arc the result of a hyperplasia of the cells in the inter- 
stitial tissue of the organ in which they are situated, 
and how far an emigration of the leucocytes, which exist 
in such largo numlicrs iu the blood, takes part in their 
formation, is unknown, '^riie latter, however, is probably 
the most important factor in the process. 

The ^jfgan which is the most common seat of these 
lymphoid growths is the lluei\ Here the vessels through- 
out the organ become enlarged and distended with white 
bloo#, and the infiltration commencing in tte intejlobular 
tissue, gradually extends into the lobules ’themselves. In 
the '^earlier stages, the lobules arc seen to be clearly 
mapped out by a greyish-white interlobular infiStration. 
As this increases the liver-cells become compressed and 
atrophy, until ultimately tlie lobules may be entirely 
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replaced by it. Associated with this infiltration there is* 
often a formation of small, round, whitish nodules, 
somewhat resembling gi*ey tubercles. Owing to these 
changes, the liver becomes very considerably increased in 
size. 

In the I'idivcijii, which arc also frequently affected, the 
change is similar to that in the liver. Hero also it con- 
sists for the most part in an infiltration, with wliich may 
be associated the formation of roundish nodules and 


masses. 



CHAPTER XLVIl. 

TII12 PREPAllATlOX AND MQUNTJNCJ OF 
SPECLAIENS. 


In tliiH, ili« coiicludiiii^ cliapter, it is proposed to describe 
very lirielly tfie more coriiiiioii mctli(Kls of preparing and 
mounting s])Ociiii('nH lor mioroscoi)ical examination, it 
is not intciule<l to give an account of tlioso various and 
comi)Iex iiictliods of investigation which are req aired for 
mijiute histological rfsearcli, ]>nt mendy to describe those 
more easy ones wliich .suffice in the groat mn jority of (jasos 
for the rocogiiitiou of the structural alterations fnot with 
in disease. In order to be as brief as possibl(‘, those 
methods <»nly will he described wluch I believe to bo the 
most readily available and at the same time to yield the 
most satisfactory results. I’he subject will be treated 
under the following heads:- 1st. TJu> E.minuintum of, 
SpcnuH HN v'liUst fretih; l2nd. The Jlardi nin(j vf Speei- 
wevs; llrd. The IMukuiff of Srcflons ; 4th. Staliumjy 
0th. rrvt<Li'vatioii and Moimiinf/. 

TUli BXAHINATION OF SPECIMENS WHILST FRESH. 

Very much may be learnt from the examination of 
gpigcimens in their fre.sli state before •they have been 
submitted to any hardening process. «The exAmination 
may be conducted either by making thin sections of the 
tissue with a Valentin’s knife, or by cutting off a minute 
portion and tearing it to pieces with fine needles. The 
specimen i^repared in either of these ways should be ex- 
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amined in glycerine. Thin membninons structures may 
be examined by simply spreading tliem out in a dro}) of 
water placed upon the glass slide, and then covering them 
with glycerine. 

The method of making sections of organs whilst fresh 
with a Valentin’s knife is an exceedingly (‘asy and useful 
way of at once ascertaining in the post-mortem room the 
existence of the more marked structural changes. The 
knife should bo weil wetted with water, and then drawn 
7'n]yidly through the substance of the organ. 'Ihe section 
thus obtained is gently washed in water before being ex- 
amined in glycerine. A rough examinatiou of the liver, 
kidneys, and lungs is in this way readily made. 

The muscular tibres of the heart and tumours rna}'’ be 
examined by the process of tbasing. This protioss, how- 
ever, is usually more readily etFectod after the specimen 
has been kept in MUller’s tluid or in a solution of bichro- 
mate of potash in the manner to be hereafter described. 
Intlio e.^amination of tumours, much may be learnt by 
gently scraping the fresh ly-cut* surface with a knife and 
examining in glycerine the elements which are thus sepa- 
rated. , 

TUB HABDENING OP SPECIMENS, 

In order to make a comjdete and satisfactory e.xamina- 
tion of disea.sed structures, it is iu almost all cases neces- 
sary to submit them to a process of bardeniug. By this 
process they are so altered that fine sections of them can 
be made, and the sections are also rendered more fit for 
permanent preservation than are those obtained from 
tissaes in their frtsh state. Kumerous substances hai« 
been emi Joyed as^ hardening agents. Those, however, 
which are the most generally valuable are Muller* 8 fluid, 
chromic, acid^ bichromate of pot aeh, and alcohol. 

Muller* s Pluid.--0{ all hardening agents this is much 
the most satisfactoiy and the one most generally appli- 
cable. It is prepared in the following way : — 
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Take of— 

Potcassium Bichromate 

Sodium Sulphate . . 

Water 

Dissolve. 

The tissue should ho. kept in this solution for from one to 
two weeks, and then placed in common alcohol for two or 
three days, after which it is ready for making section.s. 

The advantages of Midler’s fluid are that it alters tlie 
macroscopical characters of tissues less than other har- 
dening agents, and its ])enetrating powers are so great 
that it in not nec(*ssary to cut the tissue up into small 
pieces, but the whole organ may be placed in it. The 
tissue may bo kept in it Idfager without injury than in 
other aqueous solutions. 

Muller's fluid is also valuable for the maceration 
of tissues which arc to bo examined by teasing — as tu- 
memrs, muscle, See, Its action tends to facilitate the 
isolation of the elements. 

Chrowic Acid . — This is much less generally applicable 
than the preceding, tt ^should be used in aqueous solu- 
tion — strength one-sixth per cent. It is important to 
employ the solution in large quantities — from six to ten 
fluid ounces for each specimen. The tissue must be cut 
into small pieces—not much larger than a hazel-nut — 
before it is placed in the solution. The hardening is 
usually completed in fi*om five to eight days. It is has- 
tened by renewing the solution. If kept too long in the 
solution the tissue becomes brittle. All tissues which 
^ve been hardened in chromic acid sl^ould be placed in 
common alcohol for about twenty-four hours Jjefore sec- 
tions are made* Chromic acid is preferable for hardening 
skin and mucous membranes. 

Bichromate of Potash . — ^This agent is more gradual in 
its action than chromic acid, and produces less shrinking 
of the tissue. It is especially valuable for the hardening 
ot^Jddney, blood-vessels, nerve-tissue, ovftry, and some 
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other structures. It is often advisable to commence the 
hardening with bichromate of potash, and then to com- 
plete it in chromic acid or common alcohol. The bichro- 
mate is also valuable for the maceration of tissues «vhich 
are to be examined by teasing. The bichromate should 
be used in aqueous solution — strength one to two ])ercent. 
It penetrates more readily than the chromic acid, Jind 
consequently it is not necessary to use quite such small 
pieces of the tissu^. The tissue must be kept in the 
solution from two to four weeks. 

Aholiol. — ^I’his is most valuable as an agent for the 
completion of the hardening of tissues which have hcen 
previously placed in Miiller's iluhl, chromic acid, or in 
bichromate of potash. The tissues should bo kept in it 
one or two days. Some tissues, however, appear to harden 
better if they are at once placed in alcohol; amongst 
those are the lymphatic glands, spleen, and testis. Com- 
mon (mcthylic) alcoliol answers for all these purposes. 
Lastly, xlcobol must be employed for the hardening of 
all tissues which liavo been injected. Absolute alcohol is 
often necessary for the completion of hfirdoning of many 
tissues.' 

The Softminff of Tissi*os,- Some tissues, as osseous 
structures, tumours which have become calcified, &c., 
require to be softened before sections can be made. This 
may be effected by phicing them in the one-sixth per cent, 
chromic acid solution, to each six ounces of which three 
or more drops of concentrated hydrochloric acid have 
been added. 
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Although various instruments have been contrived for 

making sections, tJfc one which answers best is a common 
razor, or a similar blade firmly fixed in a wooden handle. 
The nsef ulifess of this instrument is much increased if the 
lower surface of the blade be ground perfectly fiat, whilst 
the upper is made slightly concave. 

Hpirdened iissues from which sections are to be made 
• a E 2 
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must always have first been placed in common alcohol, in 
the manner already described. In making the section the 
blade of the instrument must be kept well wetted with 
common alcohol, and the section when cut must be placed 
at once in the same licpiid. 

• Imbedding . — ITardenod tissues which are too small or 

too delicate, to be held in the hand for the purpose of 
making sections, must be imbcd(l(id. The object of im- 
bedding is to fix the tissue in some tjubstance which can 
not only be readily held, but wliicli (jan also be easily cut 
witb the section-knife. V^arious substances are used for 
this purpose. Of these the one which is most generally 
api>licable is a mixture of wax and olive oil. Equal 
quantities of jaire white wax and olive oil should be 
warmed together and well mixed, and the mass when cold 
may be kept to be used as required. When a specimen is 
to be imbedded, a sruall case of paper should < be made 
somewhat larger than the specimen. The edges of the 
paper can he secured with a little mucilage or with a pin. 
The mixturo of wax and oil is then melted and the paper 
case fillotl with it. The specimen to be imbedded --which 
must have boon removed from cotnmon alcohol— is now to 
he slightly dried on ])lotting-paper and immersed in the 
melted compound. The process of immersion recpiires a 
little cai’o. ^I'lio specimen should be placed upon the 
point of a fine needle, and as soon as the wax commences 
to solidify at the sides of the case, it must bo dipped 
beneath the melted lujuid so as to be completely covered 
by it. ' T^be needle must then be removed by giving it a 
gentle twist so as not to disturb the specimen. When 
tlv3 wax is cool the paper can be removed and the mass 
;^aced in common alcohol. Sections can be made from it 
when convenient. * 


STAINING. I 

When the section has been made and placed in common 
alcohol, in the manner described, it is usually advisable 
to^stain it. The object of stoiniug is to«impart to the 
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different portions of the tissue different shades of colour, 
so that its structure can be more i cadilv recognisetl. The 
substances which are the most generally applicable for 
this purpose are lotjwood and carminv. Of these logwood 
is the preferable, inasmuch as it not only dilTcrentiates 
most tissues more completely, but it is* a much more 
agreeable colour to work with. 

Staining with Logwood. — ^The following is the method 
for preparing the logwood solution recommended by l)r. 
Klein : — 

Tahe of— * 

Extract. Usenmtox 6 grammes. 

Alumon 18 grammes. 

Mix thoroughly in a mortar. 

Add gradually wh ihf stirring — 

Distilled Water 28 chb. cent. 

b^ilter. 

To filtrate add — 

Spirit. Eect 1 drachm. ' 

The solution must be kept in a stopiierod bottle for a few 
days before being used. 

For staining, several (o — 10) drops are to bo added to 
half a watch-glass of distilled water. The thus diluted 
solution should be filtered before being used. Sections 
which have been removed from common alcohol, arc to 
be placed in the dilute solution for from ten to twenty 
minutes, and then to be washed in distilled water. 

Gradual Staining with Weak Carmine. — in staining 
with carmine tyo methods may be employed : —the ^ne 
consists jn using a strong solution, so as to stain rapidly ; 
the other in staining very gradually with a much less 
concentrated liquid. Of these, the method of gradual 
staining it^ith weak solutions yields the most satisfactory 
results, inasmuch as by this means the differentiation of 
the tissue is rendered more complete than when the colo- 
raiaon is rapidly induced. The process of rapid staming 
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with strong carmine is, however, the most convenient, and 
it yields, in most cases, sufficiently satisfactory results. 

The following is the method for gradual staining re- 
commended by Dr. Klein : — 

Take of^ 

Powdered Carmine 2 grammes. 

Kub it up with a few drops of Distilled Water. 

Liquor AmraonioEi fort 4 cub. cent. 

Distilled Water 4a cub. cent. 

Mix together with a glass rod, and filter. 

The solution to be kept in a stoppered bottle. 

For staining, take one drop of the above solution, and 
add to it from nine to twelve drops of distilled water. 
Sections, which have been removed from common alcohol, 
to bo placed in this from sixteen to twenty-four hours. 

Rapid Staining with Strong Ctmnino.—To sK^ain ra- 
pidly, the sections may be placed in the above strong 
solution of carmine without the addition of water. In 
this case the strong solution of carmine should have been 
kept exposed to the aif for a sufficient length of time to 
allow the excess of ammonia to escape. It is consequently 
advisable to have two bottles of strong carmine solution 
— one for rapid, and the other for gradual staining. 

The time required, for rapid staining is from thirty 
seconds to five minutes. This, however, will vary very 
considerably according to the nature of the tissue to be 
stained. A knowledge of the amount of time which 
yieys the best results will bo readily Igamt by a little 
prffctice. ^ 

The sections when removed from the *car mine staining 
solution must be washed for ,a few seconds in distilled 
water containing oue-qnarter per cent, of aceti^ acid. 
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PKESERVATION AND MOUNTING. 

When the section lias been stained, it is ready to bo pre- 
pared for mounting permanently. The two substances in 
which tissues are most commonly mounted are glycerine 
and Dammar varnish. Of these, the latter sliould be em- 
ployed in all cases in which the preservation of the section 
is intended to be permanent. Many tissues, however, 
yield more sati.shjctory results when examined in gly- 
cerine; but they cannot be preserved in this licpiid for 
any great length of time without undergoing some 
alteration. 

The methods o£ mounting in Dammar varnish and 
glycerine must be described separately. 

Mounting in Dammar VarnLuh . — When the section is 
to be mounted in Dammar— it having been already 
stained and washed — it must first be placed in ahsolute 
alcohol for about a riuartcr of an hour. hVom the alcohol 
it must* be transferred to oil of cloves, the superiluous 
alcohol having been first removed from the section by 
blotting-paper. In the oil of cloves it becomes, in a few 
seconds, quite transparent. The superfluous oil must 
be removed by blotting-paper, dud the section is then 
ready for mounting, in the Dammar varnish. If more 
convenient, it may be kept for one or two days in the oil 
of cloves before it is mounted in the Dammar. In order to 
make the specimen still more socurS, a layer of the 
varnish may he placed round the edge of the covering 
glass a few days after the section has been mounted. 

The following is the method for preparing tlio Dammar 
varnish ; — • 

Tcthe %f - — • 

Gum Dammar in powder | oz., and dissolve it in 
Tiwpentine oz. Filter. 

Gum Mastic i oz., and dissolve it in Chloroform 
2 oz. Filter, 

Miv the^two filtered solutions, and again filter. 
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Mounting in Glycerine . — ^When the section is to be 
mounted in glycerine no further preparation is necessary. 
It is simply washed in distilled water and at once trans- 
ferred to a drop of strong glycerine upon the slide. The 
edges of tlni covering glass must then be fastened down 
with some cementing liquid. The Dammar varnish an- 
swers exceedingly well for this puri)Ose. 
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